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I. Introduction

After war, The penetration of nanicle branch blast
of rice vlant was widely noticed. For a long cime, a serious

panicle branch blast has been included in neck blest and a mild -

symptom had no designation, For examnle, Itc (1943) classified

- rice blast Into neck, splkelet and glume blasts, but the nanicle
. branch blast was not recorded. The nanicle branch blast without

venetrating the node at the neck of panicle was not treated as

‘a neck blast unless more than 1/3 of panicle became white
"aceording to researcher's convention (Prevention of Plant
Epidemlc Section Plant Improvement Devt. Ministry of Agriculture
and Forestry 195A). Thus, attention on panicle branch 1 blast

was very small. However, the nanicle branch blast becawe impor-
tant in warm area or warm autumn., Recentlv, the panicle branch

‘blast has attracted attention at Xanto, Tohoku and Hokkeido

reglions.

The vanicle branch blast refeis simolv to the case of
invaded panicle branch . but when they are accomnained bv the
desease of node at the neck of panicle, thev are menerally
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referred as neck blast recardless of the exlstence of panicle
branch blast. Therefore, the vanlcle branch biast indicates the
case of  invaded psnicle branch without accomvaninsg the
desease of the node at the neck of ranicle. In this naver, when
~anicle branch blast is clearlv observed even if infection of
node at the neck of vanicle is present and the rice vlant is
not dled, 1t 1s counted as neck hlast and panicle branch blast.
1he desease extended to neck 1s counted as neck blast even if
it oricinated from the panicle branch.

Researches on mechanism of vnanicle branch blast genera=-
tion ere very few and the infection 1s considered to occur
simply at node of rachls or node of panicle branch (Sawada 1627,
Yoshii 193A, Ito et al 1937, ¥oro 1954, Xono et al. 1940).
Authors investirated the relation between evironmental chance
and rice blast, and observed the mechanism on the generation of
panicle branch biast, Also we have observed imvortance of
pranicle branch bdlast while investicating the rice blast from
various regions.

Most of this work was conducted at Agricultural Techno-

'logy Research Institute and a vart was conducted at Ckavamaken

State Agricultural Txverimental Station. Authors wish to thank
Professors H. Dasugi, U. Mizushima and K, Rinda for zuldance
and review of this paver. We also receilved much guldance f'rom
2rof. Akihivama of Tokvo Universityv, Asricultural Devartment,
Sukata, M, Director of Okavameken State Agricultural Experimen-
tal Statlon, Frof. Mizawa of Tohoku Universitv, Agricultural
Dent. Authors obtained helo from Prof. Kitsul of Xyushvu
University, Agricultural Devartment for literature insrvection,
and Tsuboi H, Chilef of Weather laboratory of Agricultural
Technology Research Institute for instruction of wind-tunnel
experiment, and Yamasaki G, Chief, and Dr. Chvochu K of Genetlcal
Biologv Section, Arricultural Technology Research Institute for
instruction of botanical words. Also cooperation of Nakanishi I
of Aichiken State Agricultural Experimental Station, Ichikawa H
of Naganoken State Agricultural Experimental Station and many
others are gratefully acknowledreed.

ITI. Development of Dasease
1. Observation by Iroculation
‘ In order to observe the nrogress of vanicle branch
blast, observations are made bv inoculating rice from pot
cultivation.,

a. Aprvearance of Branch Blast of Rice Plant, Specially
from the Beginning of Desease to Death of Rice Plant.

- 3 -
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(1) Fxoerimental Method

higashivama No. 3% 1is cultivated durinz seneral
period at outside in 1/2:000 a or 1/5,000 a YWagner Fotu or A

inch pot. After panicle has grown, the rice blast tacilli (1-2
bacilli strain) are inoculated by svray method, Pulv Method
(Dasup+ et al 195A), votcten method and iniection method (Conidi-
al liauid is injected into unriven mlume) and the progress of
desease is observed.

Designations of varts of panicle are based on Nazato
(1950) and Matsushima (195A) and shown in Fig. 1.

L Fip 1. =Designation of parts of poogici
N, node at the neck of panicle; 1.,
rachis;  NRa, node of rachic il
juints of the rachillac to the roehicy:
NB, node of panicle branch (raciilla);
PB;, the first primary vanicle hranch
(rachi!n) By, the second priniry
panicle branch (rachilla) ; similarly,
PBs~PBn, primary braach No. J-n;
) $B, secondary panicle branch or rach-
illa branch; P, palea; L, lemma; G,
Cglume (empty glume) 3 G/, subsidiary
. empty glue; Pe, pedicel,

—— s g e g e

(2) Experimental Results

In inoculated panicle, node at the neck of panicle,
node of rachis, node of panlicle branch, splkelet, orimary or
secondarv panicle branch and other devoluted mart of each organ
are easlly infected. The svmntom of each infected part asrees
with orevious reports (Sawada 1927, ®umiya 1955, Kono et al 190
and cthers). (Ficure piate I).

We have observed that sovlkelet dles faster in case of

-l -
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spikelet Infectlion hut =hen the leosimm en the sriuvclet extends

to the base direction and reach pedicel, the edzes of the losion
produce smoewhat clear dark color-brownish »nurple color. (Firure
Plate II, C. Fie, 24). The lesion nrc-~resses to the direction

of bhottom part and reaches the node of vnanicle branch. when the
lesion extends to the nnde of raniclie branch, the sovikelet

dies (Fig. 2, B,C). The leslon extends to bottom vart of rach*s
through the node and the death of naonicle increases significantly
accompanving these. The infection occurrs at distal parts and

the lesion extends to bottom nart i, e, base direction increasing
the death of distal parts. These nhenomnena are designated as
panicle death. Panicle death occurs when nanicle branch or node
of rachis are iInfected (Fig. 3). The death of distal rarts in-
creases remarkably in this case. Therefore, in a few davs alter
development of deseacz, the desezse symptoms of node of vanicle
branch, node of rachls ani node at the neck of ranivle are 4iff-
lcvit to distingulsh fror svmntoms of panicle death. When these
nodes are vwenetrated by the nanicle death, the lesion sonreads
~avidlv and the color chances to clear as though the ncdal partis
are freshlvy infected. In svite of the ranid svreixding or leslon
to nodal parts, extension of lesion toward bottom vart is temmor-
arily stopped 2nd the speed of nanicle death is somewhat delaved.
At initlal perlod of desease, the tyvyplcal symvtoms of desesases
are observed at each parts, and infected area can be Jjudged from
the location of penetration and mode of panicle dezxth.

Based on these observations, the vanicle branch blast is

classified below and the relations between infection and panicle
death are indicated.

Mode of Desease Development and Tvpe of Panlcle Branch
Blast (include spikelet blast).

I. type (spikelet blast); Solkelets (valea, lemma and
glume) are infected and each svikelet diles. A part or whole
spilkelet 13 venetrated, and the deseased part is usually greyv-
white. In many cases, the boundarv of leslon is at part of bite
-or vascular bundle. Fedicel is healthv.

II-a type (secondarv panicle branch blast originated from
spikelet); Several swnikelets dle due to infection. Several cra-
ins on paaicle branch dle as a groupn and svikelet turns zrevish
white. initial infection gives «rev color in many cases.

This tvpe occurrs due to nenetration on node of vanicle branch

by ranicle death. The invaded vart can he observed at the
boundary bhetween bottom vart or upner nart sometimes, of deserased
area and healthv nart.

II-b tvre (secondarv panicle branch blast orisinated




from node of panicle branca); lhis occurrs due to the inlcctlon

on the node of nanicle branch and seversl srlikelets dle. it
initial perlod of desease, the small leslons on the node of
panicle branch give rinkish brown-trownish nurvle color. inils

resembles type II-a but no xrey snikelets are observed.

III tyee (Frimary nanicle branch hlast); This occurrs
due to infection of svikelet or node of panicle branch and all
the primary nanicle bhrarches die. The snikelets on nriuary
panicla branches dle sand turn to sreyish white color, The edees
of lesions by vanicle death can be observed near bottom part of
primary pvanicle branch. The node of rachls 1s healthy.
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i, 2.—Semvidiagramatic drawings ~howing the prowress of panicle blast
(B—D) from & spikelet blast ().

A. 1w whole spikelet changes to grevish white several days after the appe-
are e of lesions on the hull. Tyvpe [ (spikelet blast).

i The lesion on the spikelet extends to the nede of panicle branchiet
thiouch pedicel eventuaily causing the death of all distal parts including
s wiets, Type T-a (secondary panicie Lyanch blast or rachilla branch
i1, started from the spikelet). ‘

¢ An carly symptom of Type HU cprimary panicle hranch blaxt).

I AN the parts of the panicle brinch ave been killed, i the lTesions are
extendig further to the rachis, A carly symptom of Type IV 7 rachis hlast),

IV tvpe (Rachis blast) ; This occurrs due to infection
on node of rachis or death of apical vart and several or ~ne
rrimarv vanicle branch die. At initial reriod of descace, onlvy

the infected nrimarv vanicle branch dies. This rcsembles .''pe III

but Aiffers in nenetration at node of rachis. At latter neriod
of desease, nnical part, the part of initial infection easily
becomes obscure.

Acocording to these tvees, tvpe I ccrresvonds to snixelet
blast and slume blast, II«IV tvpes are so-called ranicle tranch
blast. In tvpe II{secuadarv nanicle branch dlast) or III (
Frimarv nanicle branoch blast), the node of vanicle branch is
nenetrated and in tvpe IV (rachis blast), the rnode of rachis is
venetrated. These show the death from deseased part to distal
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narts. During the rerlod of material collection, the secondary
ranicle branch blast (II tvre) can be classified into the case
orisinating from snikelet Infectlion (seccndary panicle branch
blast oriminating from snikelet, II-a tvne) and the case orimi-
nating from infection at node of vanicle branck (secondary
ranicle branch blast orisinatine from node of vanicle branch,
II-b tyve). Generallv. these types sdvance from tvee I o t!ﬁe
IV and prorress to neck blast. Verv rarely an irrecular
rroaress ls seen, , L ,
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Fig, 3= Semi-diagramatic dravines lu&?nl the progress uf the dise 'lsq.
(rom 2 primary lesion at the node of a panicle branch (A) to
panicle branch blast (By, then to rachis blast (C), then to neck
blast (D, carly stage aud E, later stage).
Type [I-b (secondary panicle hranch blast started from the node of panicle branch).

Type NI (primary panicle branch blast).
Tvpe IV (an early stage of rachis blast).
. An early stage of neck biast.

iZ. Neck blast. ’lhc lnwut prunary pumk bmuh I8 rems Lning ah\c for aw hlle

"‘.“-.:?

When node at the neck of nanicle 1is 1nfected after a few dqu
of growth, the vrosress of lesion is slow and No. 1 n»rimary pan-
icle branch dles bvefore the lesion extends to node at the neck
of vanicle. In soite of healthv No, 2-5 primaryv vanicle branch,
#»plcal part of No. A vanicle brancn dies, 3ecause primary pani-
cle branch adheres at 2/5 ovening (NMazai 1749, Matsushima et al
1654), No. 1 and A vrimary nanicle branches are arranged on
sime vascular bundle and blast bacilli advance ravidly through
this vascular:' bundle. At anv rate, due to nrozress of paniole
death, it 1s difficult vo know initial infected area bv these
types longz time after the deseace has develoved.

The phenomenon of "vanicle death” can easilvy be renrodue-
ced by method of injection on glume in addition to vulp .athod,
It 1s zenerally observed in spray inoculation method.

b. Effects of Infected rarts of Panicle on Death of
Panicle Branch.

Since we know that the panicle *ranch ‘s venetrated
from infeotion of node of rachis, node of panicle dbranch rnd




sarikelet, the effects of infection of each part on narlecle
branch blnst are 1nvn9tiﬁated.

(1) Experimental Method

Norin Yo, 1 and Huzisaka No. 5 are used, In 1/5.000a
Wagner Pot, U ¥e of rice paddv soil from Saitamaken Atanomachi,
10 &£ of ammenium sulfate, 15 & of calcium vhosrnhate and 1 & of
votassium =sulfate are added, One stock{h rieces in one stock)
is nlanted irn one rot, and cultiveted outdonr since June 20.
Ammonium sulfate 5 o are given in early neriod. 4s three inccu-

latidns classiflication, inoculation at naniclz comnletion veriod

- (18/VIII), inoculation at 5 davs after vpanicle comvletion (23/
VIII), and inoculation at 10 davs after panicle comvletion
(22/VIII) are established. Blast bacilli (¥-2 bacilli strain)
are inoculated bv sprav method and kept for 3% hours in sreen
house wlth 2A-270C temperature. Then, they are left in zlass
room (245°C, 50-70 % humiditv) and development of desease 1s
observed. \umbers are vlaced on each stem and the relative
lonations of nrimary and secondarv panicle branciu and each
spikelet are marked. Infected parts and prosress of lesion are
recorded verlodically and the desease history 1s clearly kept.
Seven stocks in seven vots are used Ior one classification and
one among them 1s a standard vot without inoculation.

Infection number is indicated bv counting the deseased

e e amn o 2 2o e e <

spots in 50 vlants untll 15 davs after inoculation and converting
to number ver one plant. The degree of vanicle death is indicated
by the degree of vanicle hranch desease on 21 duvs after inocula-

tion. The white stem due to desease of node at the neck of
panicle was excluded from tHe experiment, When panlicle deataes
oricinated from spikelet infection or infection at node of
panicle btranch and also due to infection of bottom nart of

rechis node enpear as dorble svmntoms, thev are treated as infec-

tion on node of rachis. Finicle deathes by double infoctions of
spickelet and node of nanlcle branch are similarlv treated and
the infeotion of dietal parts are vreferentially treate.l,

(1) = c2)s gy (2 )itk
sy "L Al e~ii™, 6.6

L w2 wlaTu 0wy

hd L T~ 1%,
Sl 0.4 gl=) (LY
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1. Rate of spikelet deseave
2. Value index nuzber
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The degree of panicle hirancr degsense 1s separated into ten
gstens of C,1~1.0 From the nronortion of deseased svickelets
asains: total number of snickelete., The valuve index number is as
follows. "he derree of vranlcle hranch desease 1s obtained bv
following eaquation.
(dezreer of primary
nanicle branch desease)
Degree of vanicle branch desease = _ . __ . X100(%)
Total number of rrimary
paniele branch

Dezree of rarnicle branch desease per one infected vart (desree
of lesion expansion)=Z.(de-ree of vrimarv vanicle branch deceanse)
isumber of infected area

(2) Exnerimental Results

The results are shown in table 1-3. Throuch exveri-
ments, the desease is not observed in rice v.aint without inocu-
letiun, Tatle 1 shows the numher of infected¢ areas per cne
penicle., According to these,(i) inrfection on node of rachls and
vanicle branch is very small and infection on node at the neck of
vanicle 1s medium whereas infection of splkelets 1s very larcge.
When node of rachis, node of panicle branch and actual number of
spikelet (see fisure 1, Morinzga et al 1G43) are considered and
compared, infection of spikelets is larce between splkelets at

node of rachis and node of panicle branch or between spikelet and
node of rachis.

: . - 1. Inoculation veriod
1 5) 7)1&'ﬁ9&mﬂﬂﬁ {1) 2. Panicle completion reriod
wooeida e RO GHEIE: g Qb Mnso o 3, 5§ davys after ranlcle comnletion
Ql\g ‘ { .
R }BP"G ‘~02““ qg“ **: > &, 10 dave after panicle com-
ILJLX" 4 3 0. L Y
S Bisnbss ez ez om o orctien
- ' Z. Kinds
3) . TRy ) a0 61 o 6. Yorin No. 1 Huzisaka No. §
Sl m‘k5L6 0.2 6 o. to 7. Nurber of infected areas
4) " QoL ol o Ter one nanicls
MU mK:;:6)Lh a3 an ww 2, Snikelet infection
Ry 9. Infection at node of panicle

974 nxntuayautuw)xl'*f branch
D el CaTAr T ™ 10 Infection at node of rachis

11. Infection of node at the neck of nsalcle
12. Remark 1), Inoculetion at ranicle comrletion period.
2). Exreriment was conducted at Nishi Keharn
(Azricultural Research Inst.) Tokve in 1354,
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* Algo, infeectlon ic severe on ncde at the neck of ranicle,

compared with other narts. 2) 4hen inrection of svikalets 1is

‘congidered according to inoculation veriod, the infection 1is

severe in vanicle completion -eriod. Infectlon ic rather small

“"on § days and 10 davs a‘ter manmicle commwletion, and no sizni-

filcart difference btetween these two meriodz 1s obeervad.
Among -the kind: of panlecles, Huzisn'ia Wo., ¢ is larze in either
inoculatlon perilods. 3) Xo sienificant differcnce betwsen nodes

-of panicle bhranch and rachls 1s observed in {hese inoculation

pveriods. dNorin No. 1 had the most severse infection in ranicle
comoletion perlod but infection reduced ravidiv on 5 davs after

- panicle comnletion., Huzisaka No. 5 hsd the most infection hetwren

5 and 10 davs after nanicle completion. (Huzlisaka No 5 ceemed to
have more panicle brench blasts at Azricultural Station).

L) Infection on node at the necx of tanicle 1s hich in vanicle
completion veriod and reduces to half between 5 davs and 10

days after panicle completion, Tne difference between the

kinds cf panicles 1is not clear.

" Table 2

Degree of Panicle Branch Desease Acccrding to Regions
,of Tanlcle Branch DlaSt Infection. '
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Inoculation neriod
Panicle completion period{Norin No. 1
' Huzisaka No. 5§

§ days after panicle comvletion {Norin No. 1

: Huzisaka No. 5
10 days after panicle completlon{korin No, 1

Huzisaka No., 5

Kinds

Number of panicles

Number of primary nanicle branches

Items

Snikelet infection . ,

10, Infection on node of panicle branch

12. COther infectious,

13, Total

14.5}:(Degree of »rimarv vsnicle branch desease)
Degree of panicle branch desease (%)

{Ratio of panicle branch desease

0~3 ™\ F W [\ S o
e o o o . . o o

e
.

11, Infection on node of rachis;

Table 2 shows the effects of each infected area on degree of
desease. The following can be said from the table. 1) Taking

the examnle of Norin No. 1 for panicle comnletion period, 2%,7 %
among total 41.4 % of panicle branch desease was snikelet
infection and nznicle branch desease rTatio is A9 %. The degrees
of panicle branch desease due to infection of node of panicle
branch and node of rachis are 4.9 % and 7.4 % resvectively.

The ratio is 12 % and 1% % resvectivelv. In other words, manicle
death due to spikelet infection is verv laree and panicle death
due to infection of node of panicle branch or node of rachis is
very small. This relationship still hold at 5 davs and 10 days
after panicle completion. 2). Huzisaka Neo. 5 had almost the

same relationship as Norin No. 1. However, on 5 davs and 10

days after panicle completion, the deoree of panicle branch
desease due to infection of node of rachis increase and the
desease due to spikelet infection decreased. Therefore, the
desease of node of rachis increases. 3). In comparison with
Norin No. 1°Huzisaka No. 5 has higher desree of panicle branch

desease. This is due to high rate of desease on node of rachls
in Huzisaka No. 5.

Table 3

Degree of Panicle Branch Desease per cne Infected Area of
Panicle Branch Blast (Degree of Lesion fSxpansion)

- 11 -
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: 1, Inoculation neriod
. 2. Panicle comnletion veriod {Norin No. 1
' S Huzisaka No. §
3. 5 days after panicle completion {Norin No. 1
Huzisaka No. 9
4, 10 days after ranicle completion{worin No, 1
Kuzisaka No. §
1 5. Kinds
. 6, Number of nanicle
7. Number of primarvy vanicle dbranch
8., Items
9. SpiKelet infection
10 Infection of node of ranicle branoh
11 queotion of nnde of rachis
12 (% (Degree of vrimarv nanicle branch desease)
| , (Number cf infectad areas
(Derree of lesion expansion
Table 3 shows the effects of infaction on exnansion of lesion
' (rather damace)., According to these, spikelet infeotion does
not kill all the svoikelets on prirary vanicle branch on 2?1 davs
after inoculation at 240C, hut infection of node of panicie




branch %11lls all the snikelet " mnanicle braneh. The effects

of infection on node of rachis are verv larre and one area of ‘ b
Infection kills a few »rimarv ranicle hranches. In nanicles ’
with shorter davs of «rowth, exran<sion of lesion is faster
when comnared with nanicles pgrown 1omrer. Thus, the dexree of
nanicle branch desesse Incresses. fLimone the Y%inds of ranicles,
Huzisaka No, 5 has a larcer ex.zwsion.

Above can be summarized as follows. The derree of mnanicle
branch desease is different denendine on the vart of initial
infection, number of infectlons and extent of rivening. The
effect of infected mart on the derree of vanicle desease 1is
large for node of rachis, mzdium for node of panicle tranch
and small for snikelet. Also, the effect on fresh nanicle is
larger than old one. Since the ahsolute amount of ranicie _
death has a multinlicative relation with exvanslion of lesion
and the number of infectiong, the demree of panicle branch
desease 1s hich even 1f the effect of snikelet desease 1is small.
Therefore, the desease of distal rarts is sometimes important.

2. Qbservation at Experimenta? Statien

As mentioned above, the mode of developing vanicle
branch blast by inoculation seems to be peculliar phenomenon in.
exverimental environment. In order to confirm this phenomenom,
natural deseases are ooserved at Aichiken State Agricultural
Experimental Station Inabashi Branch (Hokusetsurakutun Inetake-

. chyo, 195A), Naganoken State Acricultural Exverimental Station
Hoka Experimental Branch (Minamlvasukumokun Hokachyo, 1957)
and near Okavamaken State Experimental Station (Okayamashi
Hokuho, 1958),

a, Method of QObservation

The progress of desease is examined by classifications
‘based on changes of inoculated desease symtoms. The materials
emvloved in experiments will be specified wherever sovpropriate,

b. Results _ .

(1) Resulis on the materials f-om Naganoken State
Azricultural Experimental Station Hoka Ixverimental Branch(1957)

The materlals collected at this Station on Sevt. 13, 1957
wvere investigated in detail. Four stocks are selected from
four kinds(Chusel Ginra(drabilitvy arainst deseasejstrons),
Norin No. 10 (medium) Norin No. 29 (weak) and Norin No. 30
(weak)) which Lave similer neriod of growth and the tvves of
deseases are classified. The number and de-ree of panicle dese-
asa gre comnarad for each tvne,
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Bv observinz closelv desease svmtoms of each ctorte, the
mode of desease developrent and exvansion of lesion é¢an be
easily compared with the results of above observations. The
culor of deseased part 1is arevish white initielly in spikelet
and agrees with the result of Llnoculation. Onlv vinkish brown-
dark brown color or dark browmish purple color on nanicle
branch is sometimes observed. 4180 no clear boundarvy lines
between healthv and deseased na2rts are obtalned. The results of
investigations ars shown in table 4-4,

1) Development of panicle bhlast

Table 4 shows aumber of deseased svots ver one vanlicle
by each classiflcatlions.

Table 4

Deveiopment of Panicle Branch Blast by Clas=zifications

;.- S LiTESTsTESER oL LSmor

._ _;?) Mo e W W % 13)
1) 6) % n- 1@ m-b{ m L\ '
) 1‘-11 i i *dL g 4
‘{ 7 ) ({L,if}) (4 ) 73
] e e e - : L
) %k 30 & 71 37 ] 1r 36 w
2] i (3.2 &8 (o, n) . :e)1 (o, 5)’ (. m,
q) i ko2 B % 39 z 5 12 5
) 3 | ’ @1 an @ .) CE I () ::f
s L) it ik 10 9 79 240 .63 5 3
§ Gou) {0, 8) .o ;) 0.1) o1 (@, (;x )
: 5) Weod Mo 73 40 30 1 5 16

.2) (0 1) (0. 02) (0.01) (.1) .21)

1) G D w3k Nk ) DI CIT,
_—'L_ 2) 1957‘;-9}‘]13!3 PFS S TARTRM RIS 3 WIRDA gt h VS L,

1. Kinds

2. Norin no. 30

3. Norin no. 29

. Norin no. 10

» Chusel Ginga

« Number of panicles

. Number of deseased areas by classifications

. I type, II-a type, II-b type, III type, IV type.

. Splkelet blast

. Secondary panicle branch blast orizinating from spikelet

0. Secondary panicle branch blast originating from panlcle
branch

11. Primnary nanicle branch blast.

12. Rachis blast

13. Neck blast

- 14 -
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14, Remar 1). Farenthesis shows the nunber ol decensed cnots
per ranicle
2). Investirated at Vemanoken State Asrricultural
Experimental Station Hoka Branch on Sept., 13, 1957

According to table 4, 1) spikelet blast(I tvne) 1s the larrest,
secondary naricle branch blast orisinating from snikelet (II-

a tvpe) and neck blast follow and secondarv panicle branch
originatine from node »f wvanicle branch (II-b tvpe), vprimarv
panicle branch blast (oricinating from spikelet or node of
panicle branch, III tvpe), and rachirs tlast (originating from
node of rachis IV tvpe) are the smallest. 2) When actual numbers
of svikelet, node of vanicle branch, n~de of rachlis and node at
the neck of panicle ner one panicle are consldered, the largest
infection is on node at thes neck of manicle, next 1ls splkelet
infection and infection of node of rachls and nodeof naninle
branch is the smallest. 3) Among the different kinds, ‘nfection
1s the lergest in ¥orin No. 30 and in order of Norin No. 29 {
little weak), Norin No. 10 (medium), Chusei Ginesa (littie
strong).

2) Degree of panicle branch deseach by classification

Table 5 shows the degree of panicle branch desease
by classifications.

Table §

Decree of panicle branch desease bv clas<ifications
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' 9) (Z(—iRki &I TS 58 50 26,0 446 12.0 i
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11 DR C )7 13 il o8 100 -
. 9) (E(—iktiimE) e L3 500 0 35 16,0
L) wetktony 70 672 <k 40 B 1 ot 0,2 07 04 50 24
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9)Jz(~uuuaumv;) .8 W 1.0 7.0 194 0.0
5) hiT s Ter g N oM L G101l Wy 24 0o
Mookl o 3 5 36 100 -
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1, ¥inds
2, Norin no. 30
3. Norin nn. 29

L4, Norin no. 7§

5. Chusel Ginga

A. Number of panicle

7. Nunber of primarv panicle branch

3, Items

9. T (Desree of nrimarv nenicle branch desense)
Deeree of panicle branch desease (%)
Ratlo of panicle branch desease

10, II-a tync, secondary oanicl° branch blast orisinatines
from splkelet

11. I1-b type, secondarv vanicle branch blast oriminating
from node of panicle branch

12, III tvpe orimarv nanicle btranch blast

13, IV type, rachis blast

14, Subtotal

-15. Neck blast

Accerding to table 5, rachlis blast (IV tvpe) and secon-
dary panicle branch blast originating from spikelet (II-a tyvpe)
occu,y most of vanicle branch blast. Thus, rachis blast and
seconaary panicle branch blsst originating from svlkelet have
the mos: effects on nanicle branch death. 1) In Norin no. 30
and no. 29, the rachis blast is the largest and the ratioes
of panicle branch desease are 49 % and 5% %. Secondary vranicle
branch blast originating from svikelet (II-a type) is the next.
In the other two kinds having more resistaant property, the
effect of secondary panicle branch blast oricinating from
spikelet (II-a tvpe) is larse. Secondarv panicle branch blast
originating from node of panicle branch (II-b tyve) and crimary

. panicle branch blast (III tvpe) have =2 small effect. 2) iHext,

on ratio of panicle brench desease, the secondary vanicle
branch blast (IT-a tvpe) from splkelet infection had the high-
est ratio and occupled more than half of panicle branch blast.
Rachls blast (IV type) follows and the ratio of panicle branch
blast originating from node of vanicle branch (II-b tvve, III
tvpe) was small. 3) The degree of panicle branch desease was

~in the order of Norin no. 30)Norin no. 29)Norin no, 10dChusel

Ginga. 4) The degree of panicle branch desease originating
from nenk blast was verv low. This nrobably does not result in
panicle death due to short time of growth but in later time,
the pvanicle death ilncreases rapldly as the desease rrosresses,

3) Parts of initial infection and expansion of lesion

Table A shows expansion of leslon on each infected
parts in terms of decree of vanicle branch desease per part.

- 14 -




‘ Accordins to tre results of tahle 6, eynansion of lesion bnsed
- on secondarv manicle brench blest (II tvpe) is small and exvane
3 giom due to rachis hlast (IV tvne) is larre. Snikelet has a
small erffect on nanicle death becsuse it is or distal part, and
L rachis has a larce effect on panicle death because 1y is on

5 base part. The effects are also larre in Norin No. 30 and small
- in Chusel Gin~a.

v -
§§ Degree of Panicle Branch Desease ver one Infected
i Area of Panicle Branch Elast

- 6) uJaL: 8) 1 10y 1¥?hfw 12)u 13)v W
i 4 it i bl i iAo P W 4n il
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, D R R - U £ R 2 18 5 12
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1. Kinds
2. Norin no. 30

3. Norin no. 29

4, Norin no. 10

5. Chusel Gingsa

A. Number of panicles

Z. Number of vrimarv vanlicle branch
9

2., Items
. ¥, (Deeree of vrimary panicle branch desease)
Number of deseased areas
Expansion of leslons
10. II-a type, csecondary vanlcle branch blast originating
from spikelet :
11. II-b tyve, secondary panicle branch blast originating
from node of vanicle branch
12. III tvpe, primary vanicle branch ktlast
13. IV tyve, rachis blast.
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(2) Results of materlals from Alchilien State irricultural
Exverimental Station inabashi Franch (1954) and
Hokuho Okavamashi (1947)

Meterials from iichi 2nd Okavyoma vere investigated

and the results ere remnorted in this s~ctiom. lhe materisle frow
Hokuho Okayamashl were {rom =rivate form rniear State Apricultursl
Experimental Station. In 105%, blast desease vas lirht in this
area., The materials from Alchiven Inabashl were ¥inmmannu
(resistant nromertv-mediocre) ond Soseipvoku (weak) in ripening
verlod of Sect., 22, 1954, YVaterials from Oxavemashi were Asahi
(wveak) in initial vellew rivening neriod of Oct, !, 1058,

1) Cevelopment of desemsc on each part of panicle,

In order to exanine develonment of desease on each
part of vanicle, frauencv of infection is exvressed for one
panicle as shoim in table 7. According to table 7, the desease
of spikelet are sitnicicant 2nd sveclinllv in case of Aleri, more
than 5.5-7.5 snots per ome nanicle shaw nv. Descase of ncde of
rachis and node of manicle nranch is small. These are similar to
the results of materials from Naranoken Hoka. Faterials from .
Okayamashi Hokuho had significent number of glume deseases. In
case of Okavama, the material is Aszhi and conslidered as the
same strain of Soseigyoku. Since the desease of clume 1s consl-

"dered to occur at latter veriod of rivening time, the weather of

that vear seemed to have a larve effect.
Table 7

~_Develovment of Blast Desease on Each Part of Panicle

g B B e Vo Meyih) Aoy ) E ) a5y

(AR s S B A (7 PSRN 1 N Y [V Y
i : u s N

‘ L A A N T
' IM L W32 L0 16T 028 0a2 LI 0.2 o1l
;o2)y M «

; {2 i M ooz 62 L8 007 007 008 003 002
i3 W il o 22 2,24 ~- 0¥ 02 -~ ul9

W) o SR R, L 10 RS2V TN,
TS )2, IRV ELARIS M R NI S T
VR o# 31 UR TN B (B TR W) wip 3UE AR EL AR I

1. Materials for investiration
2. Alonl {Soselavcku
Kinnamru
3. Okayama Asahi
L, Kinds
S+ Nunbter of desuvnsed snots ner rvanicle
£, Falea and lemre
7. Inner and outer glume
R. Glume

- 12 -




9. Devoluted svnikelet

3 10. Node of vanicle branch

3 11, Node of rachis ,
3 12, Devoluted nanicle branch :
r 13. Node 2t the neck of manicle 5

14, Remarks (1) Investirated Y0 ranicles each of Soseiwroku
end Xinnamnmu

g 2) In iichi, investiratlion is made on Sent. 22,
b 1954 at Alchiken State Asricultural Experimental

iy Statlon Inabashi Branch {
3) In Okavara, investiration is made on Oct. b,
1959 at Oravama Ho%uho farm.

l

2) Derree of Panicle Branch Desease on Parts of Initial !
Infection . !

i

|

l

t

In order to studyv effects of ranicle branch blast‘dn
damare of initial infected areas, tne decree of vanicle branch
blast on each infected parts was obtained and shown in table 9,

Table 8
. M I
. Desree of Panicle Branch Desease on Parts of Initial
& Infection
| LW T ) memeenerie 8
1) B U M U“MIJ — e —
T “B)  19) o)1)t g2 Yitig) s ot
Lo (A s e s Lz 0.9 09 @2 80
2)-2 g '
Wi & 186 39 0.0 0.0 0.1 00 4.0
. 3)id s B 10 Lo G 47 6.1 - 89 253
! . } N D . o ) e t
1. Materlals for investigation E
2. Alehl { Soseimvoku :
\Kinnampu
3. Okavama Asahl
L, Kinds .
5. Number of vanicles {
. Number of orimarv vanicle branch _
7. Decree of panicle branch desesase by deseased narts !
2. Soikelet ;
9. Node of panicle bdbranch
10. Node of raohis
11, Cther
12. Node at the neck of raniocle
13. Total
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According to table R, the daares of vanicle brench desease of
Qoth kinds from Alchiken Inabashi ie¢ more than half, In casa of
kavamo, effect of neck blast is lrrre #»d the desease of node

of rachis and snikelet 1s the next in order of decreasinz
effect. Desease of ncde of wnanicle effect of spitelet desease on
nanicle branch desease 1s known to be large.

3) Speed of Panicle death from the deseased narp

Since the death of deseased part in venicle branch
blast 1s imnortant as mentioned above, the speed of denth hv
using Asshi 1s examined at Okavamaken State Arricultural <xreri-
mental Station, and inoculated rice (P-2 strain) and naturally
deseased rice (experimental station farm) were also used in
measurements. Thus, the desrased parts and dates were preexamined
and the length of dzad vanicle 1is examined on end of October.
The results are shown in table 9.

According to table 9, the length of dead ranicle resches
2=3 om in oue month after the development of desease. It is
varticularly significant that the lensth of dead panicle was
not short when measured in short time after the develorment of
desease., Also, for the same ir.oculation period, the lenzth of
dead panlicle was lonver for the desease develoved earlisr,
indlcating a somewhat facter zvowth. When the speed of panicle
death is compared between infected parts, nnde of panicle branch
was faster In the speed of death than snikelet. In s-ikelet,
glume had faster svced of death than valea and lemma.

Table 9
. ... Speed of Panicle Death from initially Deseased Parts

ML ka0 we B ek ef)

i

R ol
MRS AR ek e e e ), ke e )

: Wothry

wm T S mm uin mm
9,17 023 10,22 41 - . T "l 2% g 12 2 1] -
Hooe 028 022 4 1% 1 1] .- [N ] 0 -—
.12 nd 122 1 1 0 : t .. 2 21 0 -
$.1210.10 1622 & - 0 . 1] - 1 1 0 —
q (016 102 2 @ . L m e o =
9) t'c ) 0% 108 1 w2z w3 3w 1 e
. 10.3 10.28 X ] 4 12 ] - ] 26 0 -—
10.11 10.28 ] 10 is Y] 1 20 1 13 0 -

e m—— -

10) Fu® 1) QORI RINY LR TR CLeaNt.)
D) OIAKNTRL AR S e QIURSY)
1. Inoculation date

2. Date of initial deseuse cdevelooment
3. Examined date
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I, Palea and lemma a) “urmber of tests
hi Lenecth of death
5. Glume a) Mumber of tests
b) Lenath of death ,
A, Inner and outer glume a) Number of tests
b) Lenrth of death
7. Node of manicle branch a) Mumber of tests
h) Lensth of death
R. Node of rachis a) Number of .est
v)} Len~th of death
9. Naturallv develoned desease
10, Remark 1) Inn=zulation exveriment is conducted at zlass room
o Ckavamaken State Acricultural Experimental
Station (19573)
2) Naturallv develoned desease was examined at farm
of Okavamaken State Acricultural Exverimental
Stations (195%).

This 1s not unusual since the infected varts are different.

In case of zlure infection, mycelle reach to pedicel through
small rachls, bese vart of glume and subsidiaryv empty glume.
The small rachis operates similar to node of panicle branch
nrd delavs tne extension of leslon toward bottom part. It is
alsn considered to recuire lonzer time for myocelia to reach
nedicel. Therefore, the death of snikelet seems tc be somethat
slow comrared with ranicle btranch because there are many parts
corresnonding to nodes in same length.

(3) Summary

Status of desease on three rerions is more or less
the =sare. The panicle branch desease based on snikelet desease
is conziderable and vanlcle desease due to desease of node of
racr .5 1s about the same e£s svikelet, Panicle desesse due to
the “e¢sease of vanlcle branch is unexvectedly small. The imoor=
tances of each parts ard kinds 1s more or less different devene-
ding on nericd of investigation. Exmansion of lesion from cdese-
ased varts 1ls observed and tihe length of died naniocle rraches
2-3 em in one nonth, Natural panicle death is consldered to
onouYy simllarliv., Exvansion - lesion is small for spikelet
infection, mediun for infaction of node »f panicle branch and
larre for infectiuin of vnode of rrchis. And it 1s small for
resistant kind and larre for sucentidble kinds. Above facts are
entirely simsilar to the results ohtnined from inoculatien
mehtod »nd the node of nnlcle drancr hlrngt agrees with obser=
vatirns of lnoculation exveriments,

IIY. Anatomiosl Ohgervations 27 Snikelet Infection

In rrevious meotiocn, it s erperimentallv proved
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Desiznaticn 6 srivelet Tiest &
{19n1), Sawads (1627) ard “urinara (i
svrikalet desezse ex*n*i"ewhu‘lv. vzl et al
tance of direct dazame bv srikalst Gesease
However, thev did mot consider the Savelovn
blast, and rno further .

“e have, therefore, z2ce zn exx
voint.

1. #aterlals and ¥ethcd

a) Natural Develom-ent of 3
Svikelet

. 2, Ximmanwu, “AtS!-7?
Eomarexin and Ginga Troxm are exanined at ilchi¥en
State A*rlcultbral Exveriwevtal Station Inabashi *ra“ch. These

i corresvond to initizl vericd of cdezease. The exlztence of deslase
i ' 1s comparativelv examined oL ralez, lemms and glume resnectivelvy
: and also front, micdile snd bottom »zrt of palea and iexza, fram
i 10 panicles of ezch xind.

P S P

Cn Saﬂt. 22, 1¢g
oy iz

b) Anatomical view of natural svikelet desease

; Since it is rnecessary 1o Ymow the characterestl
| structure of Iiume and iis varts Trom pzthciozical and anatce-
rical standvoints hefcre ob iserving peretration of stikeiet
blast bacilli, we heve observed the vet cultivated rice 2t

Nishikehara Kitaza Toxvo.

‘

oy meng the mzt iz
i . deseaszs frem alehl
P Inatashi Eranch, Hcre
: ) vounit snikelels are used but in case cf rivened sni%elet, the
gioains ars renoved before fixation a2nda the subsequent oneration
1s simplified. The materisls sre Tixed wilth Formalln, acctic
acid and alcohol solution, Sillcie acid is extracted with

hvdrozen flcuride water ani narafin ic usad for storing. Pleces

1s having naturally develored snikalet
o

er
Sta Aericultural Zxperimental Station
™.

4
i ol about 154 thick are cut off nd stalned with FPianese III-b
; or Stourhton solution (Nishivows 1632},

) 6) Penetvation and sovread of avikelet blast bacilli

by Innculation

; - 22 -
1
|
[l

rewin and Ginga are iuvestigated. Telativelr
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a. Decessed varts of weturaliv developed svikelet blast

Tre results ars showm in table 10 and 1il. According
to tabie 10, tooal mumher of dessased spikelet om 50 vanicles
from 5 rinds ~2s 1.292. 46 < of them had lemra venetration, & %
rzisa veneiration. 4 F glume penetration : 5§ % both nalea and
lerma venetrat lon and 36 % total remetration of pilea, lemma
an2 zxluma. snan (25 spikelets havine lesion on lemwma are exasmined
on abical part, center part and base part resvectlively (table 11),

71 % of tnem had tivp, middle and base varts venetrated and 22 ;
had oniv tilp part peneira ated. FMiddle and base varts had very
few dezease ard onlv 4 4 and 3 » respectively.

Table 10

Appearance of Blast Dese°se Symntom on Zach Parts of
So PLet.
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Remark 1) Parethesis lndiCdtoq

index ratio

YMcre than half of deseased svikelets, whose tiv, middle and

the leslon snread tarou.n the
middle vart of solkelet (fimzure plate II, B, stat

base rarts are penetrated, had

had penetration near base nart.

(fizure plate II,

e).
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symntombhecomes a partial lesion arounéd the renetrated area.

we have nbserved in ather expnerinent that the descnge of
lewma was sirnificant when %orin neo. 1, Hurlsaka no, 5, iichic-
voru avd Hirgshivema ne. 3% are inoculated st an earlvy reriond.
Thnus, leslon 1is 1ikely to form the lemma of splkelet a+d. the
deseacse seems to start near the resicn of halr in manv cases.

e death of splkrelet tin and rhenomenon of ~revish white
coloration can oceur from a mechanlieal damaze 91 rechis or vanicle
branch. In this cacse, redicel nsrt of snikelet diss from
deartn of water snd turns white from the tin. In death due to
dearth, vart akove the damared snot of grikelet loses 1ife and
turns to white color from the tiv of pmalea and lemma at the same
time, Inhils svisntom ie similar to the death of vanicle branch due
to nenetration of monicle branch snd rachis., but is different
from those foruins the lesion of desth directlv. In snikelet
death due to vpenetration of rachis by hlast bacllli, the color
chance into vurnlish browm is vrerceived first. When the base
vart of snikelet is nenetrated, the chanze of color into orevish i
white, as wmontioned abeve, vwes not ovserved., VWhen the blast
bacilli penetrate middie-btase mart of swikelet, early desease
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Fig. 4.—Semi-dingramatic drawings of transverse scction of young
spikelet. . ’

Ai~Aj. Tip oi a spikelet. Contact of palea and lemma is incomplete and
inner epidermis is half exposed.

By~B;  Shoulder of spikelet, Contact of palen aid Jemma began to ‘e
complete, and inner epidermis markedly thickens, especially in the
area between two lateral veins.

C~D. Middle of a spikelet. The inner epidermis thickens in the vicin-
ity of veins onlv, Cell walls ot the periphery of palea thickens,

Basal part of a spikelet. The inner epidermis does not especially
thicken.

pal, palea; Im, lemma; vh, vascular bundle; evb, external Interal vascular

hundie; ivh, internal (lateral) vascular bundle; cvb, midrib; iep, inner

epidermis; th, large hair; 1hh, bottom of large hair;  epal, edge of palea;

g, glume (empty glume); lo, lodicule; ov, ovary.
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b. Textves ol Glome (row the Stoadoeint of Iatholo-iza
anatomys :

-

(1) Eeir

there sre o swoll noir of -uo
Similar size cells and a lar-~ anlr of siarle ¢cell. 30311 hair
of two calls Torms on surface of c¢2lls. {(Vishimon =t sl 1G99)
and the arrsamcevent is remyiar, ‘he shbane resemblos co~i'iy
of microcecens necleus (fisure vlate ITII, 4, B). Side view of
this sma’ll nalr 1s circular n~d s1li~hily larrer than arnreacoria
of dlest bacllli., “hen haze mart of cell surface 1s entravoed,
it 1s cosy to confuse with enrly meriod of baceilli nenetration.,
dair of 1amre cell (fi~re plate ITI, C,D) can ba observ-d with
naked eye. Tin of h=ir hes & vwerrow cvlindrical shane and it
grows on vascular bundles, Hdistoloricallv, they oririnnte on
surface and the bhottom vart cont=et the lower surface, ne hailr
seems to he easilv damcsred bv sanikelet friction. If bacilli

Cn surTace of wlune n
o

9
IR

‘penetrate throurn damaced rart, the resistance acainst these

bacilll is swmall and thev extend to lower surface easilv,
(2) Vascular bundle

, There are three vascular bundles in mnalea and five in
lemma.(Fiz. 4, By) In lemma, there are one vascular hbundle on
midrib and two on both side (internal vascular oundle and
external vascular bundle). External vescular bundle rvns alons
the contacting part of valea and lemmn., In palea, one runs along
contacting vart with lemma, and is arranged as though vrotected
against outer vart of svikelet in lemme (Fis~. 4,C,D). The sviral
tube flows into front part of lemma (Fir. plate IV, A4, Figure
plate V,B,C,D) and seceus to commect water hole (drzinage organ).

(3) Stomata and water holes
Stomata (including water holes)! can be seen o» inner
and outer surface of glume, Table 12 shows the relation betweon
ench part of rlume and number of stomata,

Table 12

Number of Stomata (including -—ater holes) on Surface of
Glume

o e by
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i x8) (-
1{ ge5) 10 —-C=r -0
T 15 oC m TR
I Je 17 4 (0. 1.1
24ty 5) 16 5 (0. M 1o
L7 18 11y 1D
Lo 8 4 (0.5) 7.9
3, we5) 16 8 (.5 1.9
T 16 2Q0.1) 103
L 13 4 (0.3) 504>
4{ qis 5) 15 30,2 32
Te 15 300.2 7 (0.5)
5{ qis §) 5 3 0.5 1(0.2)
Fe 2 o o) 0C 6
Ao 4 0. m 10.3)
e{ﬁu 5) 4 103 0C 0
T 3 20.7 2(0.7
( Y 3 100.3) 0C 0
7ime 5) 6 100.2) 1002
I'F: 4 0C ® 10.3)
Lk S 3(0.3) 5 (0.6)
{t{:l 5) 4 1€0.3) 2 (0.5)
.o 2 0 0 0C 0
L /N - (=) - (-
g{xp: 5 x6) —(= —(-
T X -(=) =

Vertical sevaration of spikelet
Number of cut pleces

3. Inner surface a) nalea

) ) ).’ “i‘iﬁ. b
R Al 4 b o
—(—ﬁ (=)
8008 3G
9¢0.6) 25C.7
oC 0y 12007
o m 100
0 o) 21
o m 2C0.3)
0C 0 3(0.2)
0C O 0C 0
0¢ o 1¢0.1)
0C 0 20D
0 0 10.1)
~(=) -(=
0ol 0 oC o
oC 0 0C 0)
0C oC m»
o o 0 »
0C 0 oC o
0C 0 o0C O
0C 0 eC o
0C 0 0 0
oC ® 0C o)
oC 0 n( 0
0¢ ® 0( 0)
(=) —=(=
(=) —=(=
(=) =(=-)
5. Urper part

Middle part
Lower vart

L, OQuter surface a)

Remark 1)
2)

3)

DAY

b) lemma . None
palea

b) lemma
Poaretheslis indicates ver one nilece
Snikelet is sernarated verticallv into 10 =nd
numbered front tin as 1 and base nart 10. Hach
vart is resenarated intoc 3 vart of uprer, middle
and lower nart.
None meang ahsenca of cut vieces.
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e

P P

lecordineg . £o tanle 12, nu~rer Af astomnta on outer surface ig
larre in lemma 2nd small in palea., 4150 stonmzta are {hiclk on
tin vart »f snikelet a1d rouch on middle part. ‘o stomta

are cbseived on totcom vart. Stomats on inner surface (firqure
nlate V,A) are different I'rom outer eurface, Thev are orserved
from front nart to hase nort of snirelat ovd unrer part b nd:

more. Srowmd stomate, a soft tis-ue iz develonrd and vrovide
the bvetter conditions for hacilll veretration.

Structure of water hole resembles thece on leaves {(Li7uue
1954, Labeil et al 19%0) 2»d has a crurhled shape of stomnta
(figure vlate V, B,C,D). ‘These acree with the findines of
Gishiva (1933) an@ Eaker (1954) i other nla‘i.,

(%) Tissues

Glume conaists of followine ovier from onter vort,
Outer enidernls (snider+is). Lov r ticsue (ﬂniqor ils iovor
tissue) Soft tissne laver =2nd inver enidzsrmig {irnner eonidermis
or enidermis) (ficure nlate III, 4, Ficure wlate V,4).
ZIpidermis cells on extern=l ﬂlV' have a larze snove and ave
regularly arranred laver. Exteral rart has wavv ghave, Srada
De Haan (1911) renorted that sil cic acld is zccumulated on
fat outer wall. Lower iissue cumsists of thick narrow mewmbrane
tvoe three lavers of fibrous surface (Sreda Lz Haan 1911,
Translated hy Harashima), and is in vosition to -~rotect lower
soft tissue (firsure vlate V,A). Thus. the r~enetrated bncillii
recelve a resistance from membrane wall of fibrous surface
before reaching a soft tissue and seemed to nroceed in vertiecal
direction where the obstacles are less,

~
~
-~
-
3
B S
S

The soft tissue cell is small and reombrane wall is thin,
Generszllv, thev develop near vascular bundle and boundary of
lemma, (figure vlate IV,D).

Internal evidermwis cells are very lar~e and wall cells
is verv thin (fieure 7,A). Internal .niderils of voung soikelet
svells in the direc uion towards glume. The ~wcllirg 13 not verv
notlceatle near the bottom rart of =lir-e tut is ouite noticeadble
on unver shoulder nart of snikelet(Firure 4, Firure vlate IV),
Cn shoulder vart of glume, the svace retueen external and inter-
nal vascular hundles 1s sneciallv thick (fimure ", B,, Flrure
nlate IV,B). Thick internal enidewmrnis cells secws t0 comtract
in earlv verlod and lose orisirnl zhuve br rrescure in spikelet.
Internal enidermis cells near vascular tundles develov into
Larre ones »néd contractior comae Tater, Tnerntl o LA¢»ris of
lemma difficulty Foria gell momhrane wn2lls 2and is 3ifrfereat in

ts Jdevelor=nrt from others (Firure niste IV, C,.0), In mary

cases, svi.ielet swells without e~ itrection., Bredn 0o ko n
(1911) and Juliano et =1 {1237) treated this s simplv !~ternal




epildermis without srecial record. Internal eridermis does not
have chance of recelvinz direct attack of bacilll excent

during the bloominz veriod since it 1s exnosed to air cn'v Juna
ing the bloomink nerliod, Due to incomvlete contact of <oilelst
tip, internal enidermis csn be easilvy contacted to ousside
"(Figure 4, A3) and reculires . an attention on infection wmoehanic

To summarize above, 1) numbers of stcomata and vorculnr
bundles In lemma are larre comnared with palea. and internal
enldermls is thick., 2) Iin »nart of svikelet has a larpe nu~toer
: .. of stomata ~nd crainare tiscues are develoned. Thickness of
[ internal enidermis %s remerkadtie. “umber of storata decrense:n
«raduallv from middle vart to base part. This rart lacks
drainace tiszues and interrsl eniderris is thiew. 3) E-oir is
thickx on uvner mart of snie’ et and outer nart of vasecuiny
tundles. In the srace between palasa »nd Temma, helr Ly thick
on tip vart of lemma. Thus, hair |, vascular bundlas, nurber
and arranrement of stomata 2nd water ho'as or arrargeront or
soft tiscsure and thickness of internal eridevmis are diflereqs
devending on varts of rlume. It is dif“icult to sav th:t thers
is no relation hetween strucetural characteristic end bacilli
~venetration. Although there 13 no dircect relationsnhip. there
seems to be some effects,

c. Anatcmical View of Waturallv Deseased Splkelet
when vleces of glume are stalned, healthv tissues
are wreen, deceased tissues rinkish browm~browm cnlor and
mveellia, conidovhore and c¢omidiuwn winkish brown-tea trowm
color by Flanese III-b staining soiution, sand dbv Stouchton
solution, membrane tilssurs * are rreen, cell menbran vellow and
bacilll »ninkish hrown-tea brown color,

e i <o e+ o b e bt bt S S e bt i i mn + 8 4 o

when solxelets Laving lesions on upver half (Flrure rvi-te
II, Bo state) are consldered, thev are as fcllows. The varintion
in tis~ue cdesesse is noticrable around center nart of lesion
and tecounes lishter owav from the center wvart. Palea witho't
lesion is consldered healthv., Tissves are destroved at the
center of cCeceased vart and the destruction of tissues is
severe con snff tlssues and internal ernidermis. Near the boun-
! darv of healtnv and deseased rarts, manv soft tissues and
: interral enldernls cclls are destroved, In that case, exter . .
evoldermias and lover tissues do not kave nanv variations in
! desease, The varletion in desease of internal snidermis rear

the roundarv of lewrma 1is noticeable and cells which auvveanr

| hes1ltv externally had mveelin in manv cases.

conidovhore and conldium forued drse -sed narte n° .
external enldermis or internal eridermis of glure. Cn exter

R
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Farts of Snikelet and Snread of ivcelia (ewanmple 1)

)T T2y 3 i

S5y

L gEd T T Wit 7 " ym
w2 L) E 5§ sV 6 B g
)

o

3z ( ru T

“ duid %9 N N x N
1< r;lla) —_ —_ - - —_—
'F, -— -— - -— -
(dae - - - - -
24 1p8) - + + . - -
T + + i it -
L + it i+ i +
3{478) - + - it i -
T + it it 1k +
L # it A~ A~ it €io)
44 s 8) + 1iF dhe i Hh~ it +~4
{Fr + it~ i ke~ it ik iF
jL' %x9) N PN PN N
5¢1r8) + H i + +
("F' + + i - -
! dus + g~ i G +
61 51s8) +~it H 1+ # H o~ di
{7+ - . ke~ H - -
-’ D! + it €5 + +
7i5808) - 4 + (+) -
i’Fr - - it - +
j s - +H+ 1t - +
§imrg8) - +* €1 i) -
(. - - i - ~
f 2 X9) - X % K S
adme8) xT & % X x.
<. xR PN x IS S




-

Vertical cewaration snivelnt
Palea :
. Lerma
Near external vascular bundle (a)
Space vetween (a) and (b)
Near internal V“SuUla” bundle (b)
Near midrib
Unuer part
Middle part
Lower vart
None 1 .
Remark 1) Demree of mveelinl spread is indicated bv follc-
wirg stand-~rd.

DY D TN
[ ]

AND
-

-: Vo mveelia a3 Many mveelia
+; Very few mveelia i Verv manv mycelia
#: Few mvcelia (); Terminal tvpe

2) Horizontal and vertical continuous vieces are
exanined. 3-4 vieces
3.) ¥vcelia in tissures can be classified.
! Number of wenetration was nrorortional to
mycelial densitv in tissues,

In glume, formation of conidonhore and conidium is observed on
internal epidermis of vascular bundles or boundaries (fizure

plate VI, C)

bnread of mvcella in tissues is moticeable on vertical
direction of svikelet but not significant on horizontal direc-
tion. Thils tendency 1s observed on snft tissue, internal zvidcer-
mis and lower tissure of membrene, but is not clear on extern~l
evidermis. An examnle of mvcellal svread in tissue near the

~boundary of lemma 1s given below.

Even when desease has mrosressed in lemma destrovins the
tissues and manv conidia are formed on surface, the tissues in
ad jacent palea are healthy in manv cases. This tvoe of deseass
is commonlv seen in a closely contacted state of lemma and vaiea.
From these, 1t can he concluded that bacilli can not move

- smoothly from one side to o6ther on contact part. The fact that

movement of bacllll in h-rizontal direction is limited is nro-
tably due to thickening of tiscues on cuter edre of lemma and
“rotrus*?n of thickoned palea forming a sevzation wall (ficure
Iv, ¢, D :

Table 14

Parts of Spikelet and‘Spread of Mvcellia (.Example 2)

- 32 -
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Vertical semnaration of snikelet
*’113('1

Lemna ,

Nenr external vascular bundle (a)

Space between (a) and (h)

vesr Internal vascular bundle (b)
wvenr midrid

None

lirner nart

fiddle port

Liower nart



Above facts indileste tialb Haciltil nenctration ov uvr o
vart of snikalet occurrs near tin and mvcelia eoread to c.ch
tissuz,. If condvet tissues wers nenetrated, the suvnlvy of watey
for cdistal narts 1is obstructed ~2nd the tio vart cf ovikelet
seemed to turn whilte arevish color and die.

d. Fenetratlicn and surezd of snikelet blastlbacilli
bv inoculation

Healtnv tissues ave stalned to pinkish vellow and
bacilli are stained to vinkishbrowm-brown color bv double stz-
ining of Safrarin and Gentlan violet. Avpressoria is observed
on concave vpart rather than wavv corvex vart cn external
enidermis in nanv cases. In this exveriment, ovacllllil nenetruice
through thick membrane of external evidermis and no venetrntion
throuth enidermis cell or aperture cell was found. However,
venetration through open rart of large halr cell nezcr tase
vart vwas observed (fizure plate VII, D). This open state of haolir
is often seen regardless of bacilli pentration. It is not clear,
however, whether the ovening iz due to cutting action or easilv
splitting structure. 4

A thin mvcellium from envressoria is nenetrated throuzh
surface membrane and mvcella that reached external eridermis
cell hz=come rthick and spread. Mveelis, then, vroceed to inside
of mlume tlssue and the spread at lower tissue seens to be
slow. The snread of mvcelia is veryv renid in soft tissue and
Ainterval evidermis., In the case of bacilli penetration throush
bage vart of hair, mvcelial svreud in the direction of front
tiv of halr 1s not observed but the spread in the direction of
internal evidermis was very active.

Tne relation between the lansed time after inoculaticn
and mycelial spread is as follows. 1) Several epidermis cells
are nenetrated after inoculation. Some times, a small amount of
mveelia 1s obsgserved in lower tiesues of thick membranes but
is not ohcerved in-soft tizsue and internal epidermis. 2) lveclia
become thick in lower tissues after 48 hours and a vart of them
i1s observed in- soft tissue and internal ecidermis. Mveelia in
tlssueg can be classified bv penetration unit. 3) lMvcelia in
each tissue become thick after 72 hours and spread rapidly, .
classificatlon by venetration unit is sifficult.

Degrce of bacilli nenetration end spresd avid its relation
with each nart of svikelet are shown 1n table 13-15,

Table 13-15 show the results on each svi%elet from unror

vart to base part in L§ hours after inoculation. Four or five
nleces per pvart are exsmired and the state of highly fresuent

-3 -
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~2) 4When snikelets are examined on tip art, midile wv2re

occeurrance are indleated for cosvroviience, nlthoucin the dz=ree
of svread i° slizhtivy differant dene~dinT on viaces, Thn

follouine can be z2id €row tuc-2 orhcervatlion, 1) he:
snd lemmn are comsared, mweelina ore 7211 in prlea t
large in lemma. Mveeli=l nenetration 2nd sovrozd are
noticearle ﬁoar external or interwal vasculiar bundles, 0
are small in the svace betwaen them. wcelial ~enetratlion =nd
snread are alzo =mzll in the snace bestween nalex and wmivrib.

2 er]

¥

hbnse
vart resvectivelv, the venctration is larse near wladlie part,
and mvecella in tissues are thick. Althoush the appreszsoria
formation is easilv observed from middle part to brse rart, no
venetration is seen in manv cases and the nenetrated rart
becomes terminal tvoe (fisure vlsts VIII, D). “hon hreilll

‘could not renetrate, outer memhrane of cyidermis cell is statned

to deep brown color. Ian terminal tvne, several srldernis cclls

ere stained to vinkish brovm and mveellial migration intc ndlincent

cells was not observed despite the »resence of relativelv thiex
mycelial concentration. When mveelial spread is rctive nmd 1itcs
moverment is smooth (firvre nlate VIIY, 4), the cell newhraqe is

"‘not stained to d=ep brovwm, and the fdancres of mveelia stalnins is
-7 1light. 3) Snverql cells are venetraced on external enidermis

and mvcelia proceed to neighboring cells gradually. Mycelia In

sk

N

cblls of lower tiscues are not thlekx but extended to vertica
direction of spilkelét. The svread of myvcella in soft tissues
and internal epidermis is speclally active and when mvcelia:
reach a nvart of this tissues tne mvecellia -concentration increases

_urabidlv. _ . ‘ .

Penetrauion of glumes is not cbserved.

1 In- summarv. ‘the blast bacilli penetrate through thick
membrane of epidermis. tivcelia in lower tissues are easv to
extend -in ‘Vertical direction of spilielet and mycelial moverent
in soft tiscsues or internal epidernis sovread in vertical and

. horizontel direction. Therefore, preella 711l each tlssue with

a lavpsed time after nenetratlion. When nalea and. lemma zre com-
vared, nenetration 1s larre in lemma and mveelial soread is
active in tissues. Among tin nart, middle part snd base vart of
spikelet, venetration is most in tin vart, middle 1s slightly
1ess and penetration is very herd in base vpart.

IV. ¥ound and Panicle Breanch Blast#

‘1As tnere haq been desiznation of "ind blast (Ito
1933), it is knowm that there 1s z close relationship beatuwecen:
blast desease 2nd wind. However. effects of artificial :ind on
rice bBlastiand panicle branch tlzsst are not investigated. o
have, therefore, investizated to make causal relation betwesn

g tors popibmi it L4 al, .
- Bt et . I e



Sied o ogmd o oslele demora oor Blust elenr.
“his exneriment iz conducted at Hudo (Tani, 1952) of
riaultural Teehnslery Hesearch Institute (& 1sniV9nqra Y italu
L‘r)
1., Dyneriqental liethod
Torin no. 1 oand Himashivama no. 38 are crown ocutdonr.
rni srentad with vind,. Zlast Facllii are inoculated aftervards.
Lrertoaeats g%o condnectad b times, snd the following tatle shows
11: ~nd others, Tertilizer ad~inistrotion is

I T T T T

g ] 20 AT H § P Joan
SR < B I Y BT ’i;{, ORI P S
= ~12)
110):4k 1.4  5.13 6.20 /5. o0 8.15 15 o 2
mT10):4k 14 513 6. 20 1/5, 00 815 3L 1“13 93 9.10
i 10}" H14r 613 6.29 142, 0 g0 iV 65 m12 %k 00 9.17
williwmsssy 422 5.28 172, tiw) S50 i B yﬁz)., 017 .

7. Iwocu lation date

L. s¥vmerimental no. 2

2, Yinds 9. Date of desease examlination
2. rlanting date 0. Jorin no. 1 .
, i, Vi* shivama no. 33 ‘

5. 3ilze of vot (a)
7. “anlecle formaticn perind
7. Inoculation veriod

1
Trans=lanting date 11 -
12, Panicle forqntion period o
1

13. ?inpniﬁr veriod. '

The wind eveed was in two stens of 12 m ver second (N

region) and 9 m rer second (A-'remion). First, fa» for B noint
5 #djusted to give wind sveed of 12 m ver secowd. and then, .
ne vosition of wind sneed of 9 m ner =mecond 1is determined by
an anemomneter and desismated as 4 nolnt. Thus, treatment of
two different wind speeds can be conducted simultancously by
rlacing rice p19nt on each position. These relations are ‘
zchematically shown in Fie, 5. Also, wind sveed, ro-<m temveratu-
re and humidlitv during treatment are recorded. ieccording to
Yihnfort wind force table, wind sne>d .of 9 m per second corres-:

onds to wind force.of 5 and 12 m per cecond corresponds to-.

{(# Content of this chanter has been renorted in Kanto Hiﬁashi~
yawa Virus Research Revort 5, 5-6 (1953)). _
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Wi"ld ;orce of 6 (Javan - arricultural teteolnzical Societv 104l
Accordlnw to an i1diom, thev COT““cﬁO"d to a violent winad ond
‘& strong wind resvectivelv (Yiura ;7“&) The cordftions of
treatment aTE hown 1n tarle 16, ‘

.

1] V i » ’ \
L3R Aia )
y ' R Y O
e i T e
B N

B e S VU S

Fig. 5.—~Showing a schem.jtic “drawing lof the wind tunnel cxpﬁrimcnt.
A and B, rice plant in pots; a, fan; b, blow-out; and c,
exhaust,

T e kB gy . a4 m e e o,

Table 16
Conditions'of.Wind Treatment

e e e o i At o o -

2) 3)},&\;1{ (m/scc) :f{)ﬂ : L?)" 4,&6)1,” ) 7) 8) e "-i"i ,v')
PR TR s MO o Top M 0)
1y

: “L.xﬁ 9.0~9.4 12.0~125 2.5 8,15 14.20~16.50 n.z7wwso T~ 7T

%3 1% 9.0  121~12.6 3.0 8.23 10.00~13.00' I 33.0~33.4 4S~54
LeFk 14— 1L8~12.1 25 830 11.05~13.35 Ijj 26.8~20.8 47~G5
hwuwﬁ -  11.8~121'25 830 11.05~13.35 [ 26.8~20.8 {7~G5

1. Exnerimental no. o 3. Treatment room

2. Kinds S 9. Temvnerature -
;:3[ Wind speed (m/sec) A region 10. Pumiditv

: o « B reglon 11. Norin no, 11

ol Time, . .0 " 12, Higashivama noi 3%

.G. Treatment dete S 13. Clear

7, Treatment time
7. Weather '

i

Then,the raterials for exnpriMAnt II, III, IV are nleced in

mlass room (26°C) and those for eznerimént I are placedoutdoor.

Outdoor materials are brought into room when wind is strong
order to avoid panicle. damd~e hv wind. Cercree of damage on

- \‘;Q’

...30.-

A

LAV Y

ey Within one hour after treatment blast bacilli (F-2 strain
are inoculated and kept in'a humid room of 26-239C for 36 hours.

in

V)



snivelct, roaieln mworen 2nd tesl woa observed risnt oTter
stairive with neutral rod Tazz2d on the methosd of
taava et al (1979), after ineoculatier, chservationa o210 made
wlckOMU staininme  Desenae 19 axsmined on 1R davs ofter inocula-

-

tion nceordivz to cl~saificationm of chenter II.

Simee ddrmeea ol manicle was laree in Norin no, 1 duriny
cntrent of veniniar variod (Zuiperinment II) ~and observation
£ e cyareh Wlact wag Aifficult, iwvestliration o desease
~micle wng Aiscontinved and onlv lesion on leal was

2. Cxverimental Pesultc

As cnq he secn from table 16. the variation in the
7d durine the treatment was less than 0.5 m in both
.inns throusnout kueriﬁowtn. ' '

. 9 1c19 hranch and cnikelet are damared
by tun tresi~ent o & lflciul +ind and the degree of damage
was seveve 1n 12 m ner second wind speed (B r°°ion) and lisht
in 9 m ver second (& re~ 1on). Bxposure to 12 m per second wind
for 2.9=3 nours resulted in swlitting the leaf tins and the

color of le~f turned *to nrevicn rreen. Grevish green coloration

is rarticularlyv avporent near the snlit oart of leaf, but not
noticeable marr the center. part. The coloration was verv light
on base nart. Exvosure to 9 m ver second wind for 2.5-3 hours
did not resuals in snlit leaves and the degrees of damace was
verv lirnt. o2

ve damnzed on outside. Wound of rachls and menlicle branch
snows the line share ”1u vx the vascular bundles. The wound
mzinlvy occurs ovn half circumference of rachis and the other
half 2wav from wind directlon has healthvy apnearance in many
cases. This w=ound turns to trown color. Since half circumfer-
ence of rrchls i1s creen and the unper and lower vart of brouwn
coloration is not clear unlike the lesion resulting from pene<
traticon of blzst tzcilil. it can be clearly distinsulshed

from lesion. ' ‘

A =2lizhtlv swelled narts of splitelet surface or near
the shoulder are easilv voundad. This wWnund appears as snots .
in few davs after treatment and has a clear edge of brown ‘
color...It is commonlv an eliivtical shane and as large as . .the
lesion or desense of rice plant leaves. The central rart has .
2. srev color. These snwnts JUUPwr easily in resxion” of 9 ul wind .
spced #nd are easlly Tound on oid ranicle, Bacilli are not )
observed on these svots. The spikelets turn to dark brown color
in 2-3 days after treatment. Darl browm coloration is lizht in
the remion of 9 m wind sneed and =sevére in the region- of.-
12 m wind speed. The snikelets did not turn to

T
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dark b*own co1ov but the nart exvosed to air had the dark
" brown coloration during the treatment Youne snikelets oare
. easily wounded and the wounds turm to dark browm color. Cld
*qplkelets are difflcultlyounded and the wounds are in svots.
Degree of ‘damaze on rachis, ranicle branch and small branch is
onoosite‘td'the case of smiXkelet vhen viewed from growth davs:
. —amage is lisht in initial grcwth neriod ond hcavv in ricening
. DeriOd ’ ne Old 'T""tP"“i’Jlf‘ h Cl severe d"""""“ .
rron thesp ohservations, we note ‘hat Vounr panicle has
heavv damage in snilelet and old vanicle huers heavy damage in
‘branch. The fact that old ranicle bravch is easilv damaved
“indicates that silidification of nanlicle branch makes more
suscentibel to wound and nrom~te vartizl death due to the lack
wof ablility to nmest sudden chenze in moisture renewal by wind.
"7 In voung wvanicle, sni%elet surrounds outside of vanicle Lrawch.
-Thus, the degree of :ound is high in snikelet and low in rachis.

- ‘Desease »f leaves is as showm in table 17 and fo=matlon

"of S type lesion (Advancing tyve) was not observed. M uvoe (
-standard discontinued tvpe) and R tvpe  (broun svot tvne) lesions
‘are small in resion of 9 m per second wind speed snd large in
-reglon of 12 m ver second wind sneed. Vhen experiment 1 (treat-
ment at initial growsh period) and II (treatment at ripening
: period). are compared, it was lager in experiment I. This aAgrees
"with the fact that young leaves.are more susceptible into léaf
blast (Goto et.al 1941). Without treatwent, onlv few R tvve
"lesions are found in exveriment II. Rice blant did not have
desease without inoculation repardless of wind speed.

w
R

SR ‘Table 17

’ Artlficial Uind Treatment and Deseaee of Leaves
(Higashivama TFo. 3%)

) : -xi-) ) 3) ) i;) . ——:-ﬁ::s).....;.__‘s) ——ei ),.; :: SUUR o im
: T |h{" 3’5:4!1'( " st 14 ’- ’P"I I‘(
- g B8 B BH W s g
! 8w mm sw
i T - 0.0 *0.0 0.0
),ﬁ myACOm - 257 g 0.6 01 - 0.0
X . Y Bdzm) " 25 0 3 20 28 00
L nf (207 13U SRS 10 0.0 00 00
: S MUz {AaComy 25 9 0.0. 00 00
o BQzm) o250 0§ .00 0.0 00
BN g 2 01 0o o0
ESY ot mzniAOHO 8 .of 0.1 01 00,
; B Gam). .3 - Z3 . .6
T s~1xa " ) B - 09 06 00
; L (B .= ;on 0.0 00 .00
P : fwinig iA Comy ki3 i g 0.0 0.0 00

B (1 am 3 9 0.0 0.0 0.0
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b, Loaerlooetsl no. 7. Tarotery of lecimms nor leat

2. Growth time in davs Y, guma, K otvrne, S tvre

3., Inoculatlion Gof Zanecalatlion ctandard. no. treotment
L, Soveed of wing {A (9m)

<. Time 2 {12 1)

7. MNumber orf lesves Yo iroculation stendard, no treatment

_{'.((:’ M
2(12 1)

10.Kote; Comsidoring the differance in deseasc due to sre of
leaves, nlant of same a~e rFroun mas 1nvestigated.

The lecsions of le~ves are formed at tlv of leaves and concen

nany the solit poart. Desense was not found rb center and base

nart of lrwvn . Dezcase 1s seen in the rart of severe wound at

tin of leaves.

Desease of panicle branch blast is shown in table 18,
Lecordine to table 18, »unrer of deseased areas ver nanicle by

the tvnes of ranicle brmnch blazt was verv small in non-treated
region (0 m wind sneed)., large in § m wind speed and verv large

in 12 m wind speed re<iom.
’1‘:».1b"L_e'1':2

Treatment of Aftificial Wind 2rnd Panicle Rlast

ISR IE FEWRSCY B FE TN —_——- Cem ememsean: e

PO RS W A L5 N Y W Ry e
7 IOVEN 11 fi Ya iy w18
K4y ™ 4 A ik ("1/““—)6) I"" ” Omn IV »‘\'1-8)[1 "y .‘"’i" “nr] ¥
j + 0 () (\.7 'f) 0 0.49 4 0 0 13
—— + - 0 0 Lo g 01 060 -8 4 1 0
L9) ikt ( + 12 0 L6 02 o1 060 1 34 5
- 0812 o ¢« o 0o 0 ' 0 0 0o 0
S + 0 o4 0E 0020 02 1 0 0 0
m9) pak1y 4+ 12 04 46 0.2 01 033 18 3 5 0
| - 0,12 @ 0o o0 o 0 0o 0 o0 0
[ ¥ 6 02 06 0 002019 3 0 1 0
viChauzsg 1 + 12 01 21 01 03 023 7 1 14 0
. - ([ - 0,i2 0 0o 0o o 0 o 0 0 0
i. gxpgrimental no. - F. I tvpe, II tvney, II tvme,
. &%nns . IV tyve, neck
B. nhisteuie of inoculation 7. Degree of vanicle bLranchn
e Svecd of wind (m/sec) desease (%) .
5. Mumber of deseas : .

e per vanicle

’
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-9, II tyoe, III tvee, IV tve

- IV tyne (racni~ rlast(,
and I tvepe (sni%elet hla:

¢t

ce, neck
. 9. 'Norin no. 1
':10 FivasnIVﬂﬁa no, 138
: Remark 1)’ manicles mer exveriment,

ITTI tvra (vrisarv manicle dbranch hlast)
2t) ned srall numbher of lesions vhoreas
node of vanlele bdranch or II tvne erizinating from snikel-t has

almost same tendencw as the unber of inTectlons., '‘ne ahrove

~facts Indicate an arreeuent botwesan desree of wound and desease

of parts and vanicle brancn blast and express that monv wounds
panicle branch blest and express that manv wounds result in

many deéseases., , .

Neclk blaet nas sn altmost similavr tendency as menicle

lbranéh blast. Neck blast in experiment I (Norin no. 1) for nmn-
treated case resulted in manv death in evnite of the relativelv

few infections. It is not clear whether this 'ils due to the
difference in a-small number of tests or other reasons. Variation

 in number of deseases was large in panicle branch blast =nd

small in neck blast wanen the speed of wind was varied. This is
related o total number of each organs in a panlcle and swots

" of wound increase vrovortionallv ‘since the number of splkelets

and panicle branches is larze comvaraed with nodes at the neck of
vanicles. Therefore, the freguency of wound infection becomes
high and panicle branch blast increases.

-From these exveriments, we have observed that wranicle
branch blast increases due to wounds cmused by wind and trne death

' of panicle branch increases. Since the desease ‘caused by wind

 'was .mostly II tvpe rather than IV type or III tvne, the main

effects of wind seem to be infection of splielet and nanicle

vbranch._

wr

V. Infection_Period

Examples of panicle branch tlast ocecurring at later .
veriod are widely observed recently, and Immano (1933) and Asihara
(1958) stressed.imvortance of deseasc occurring at later meriod.
However, thls renport does not make clear as to vnetner this

- desease at later veriod is due to infection of later mneriod cr

incubation of earlier. infection. Thus, we have determined incu-
bation period exverimentallv and attemoted to obtain infection

“period f{rom thé perliod of naturally developed desease.

. "1, Relation between Infection Period nnd Incubation Feriod
4.t Experimental Method

. ' Huzisaka no. § and Worin no, 1 are used. Thev were
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vlanted on Yav 7, =nd tranarlaated on June 22. One stocik (onp
stock= vieces) was vlansed in 1/5.000 2 Lnrver not. Fertiiizer
vas ziven as chawn in cnctiom 1 of chnvter II. Three inoculations
are wnade as onoe cach en noalele camnietion period, wmilk risening
ceriod and sioreh risening reriod, - tuellil (P~2 strain)
are Inozulsted 7 uurﬂv mothaod and Epot i1 humid room of 27-
2892 for 3% hours. Afterusris, thev were rlaced in slasz room
pdijusted to 270C nnd ohenrvaed tre develonuent of desease,

the nicking dates were rredeternined and pots having the elceking
status are uced clirinating those paticleé which dld not reach
tho us, From other cxneriments, we have learrned that

nliching stat:
maniele hrarnen -
date of inoculsat
avzs after inocvl

lact does nnt davelon after two weaks from the
ton, Ye nave, tr.refore, investirated up to 15
’3 N

[

b. Zxperimental Resulis

" Teble 19 shows the incubation veriod of spikelet:
(valea, lemma and ~lume). The ~umber of deseased spots are
hichest on 9 th dav after inoculation, followed by & th and 12:h
dav. Desecase is rarely developed on 15th dav after 1nocu1ation.
Lnen we determine average incubation period according to the
method of Imura  (1940), Huzisaka no. 5 has ¢,8 days for;ﬁanicle
comeletion peried, 9.1 davs for milk rinening meriod and 7.7 days
Tfor stvarch rivening perlod.. Norin no."l has average incubation -
veriod of 9.4 days for nanicle completion period, 3.8 davs for
milk ripeninzg period and 2.0 davs for starch ripening ncricd.

Table 19

Incgbatlén‘Period,in Sbikelet (péiea, lermma, glume)

- S hen ot i - mea e e e e . .

T 2 WY ® d W w100 iy
& L a‘ﬁm)mm 32;1 ) & - - R
5)sr" 69 EN7)IZANG)ISAE 9) 3. . . CA)
(55 4 W ; 47. 25 180 68 20 23 08 :
11) 54 i Lo oW 42 cet B 12 . 6 14 9.1
' WO 42 56 46 7. = 090 77
. f Wk oM 66 5 176 82 . 11 304 - . o4 n
12) mAk1ar 4wl 2y 53 - a1 6 5 78 -ns 7
x %o 6 72 6 18~ = 15 8.0 £
1) @ » T SRR LD DI AT, ST PRI
2) ‘mi)lﬁzima/\m. «mlm rms/m, m Mwmﬂzs/m. . o st
1. ¥inds L, Jumber of deseased spots
2. Inoculotion veriod 5. 6th dav
3. Number of panicles $. 9 th dav
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‘11, Euazisaka wo. §

© 12, Norin no. 1

7. 12th doy
8. 15th dav
9. Total
10. Averaze incubation rerizd (2-°s)

Faniele comnlet.yn nericd
S11% riveniam wnericd
Starch rivening rericd
Panicle comnlaeticn neriod
il rinening vneric

Starch “1nnnin‘ veriod

‘13, Remark 1) The uiber of deseased svots indicates total

nunhber An Nanicls,

2) Inoculation at ranicle commletion veriod 1°/7I11
milk rivenine meriod 23/VIII starch rireniwg

neriod 2°/VIII
Table 20

Incuortion Ferlod in tode of Panicle Brancnh and IIode of

Rachis

" T 2 T3 mym oW m m %
W1 ;;:m)n:;;w; wBl'c ) 72 — , 10) il i
§)6TIIE)9 1T 7)12[iAg )50 ng) &t qi))

S Lo oM 47 3 8 1 8 20 1.1
11) Ky i?b?%lw 43 11 6 2 7 26 0.4
1S ] 42 8 15 4 - 27 8.6

womom 6 3 20 2 0 25 89

12) . ki { LI I 3 0 2 4 9 1.3
OB WM 69 3 0 - 6 7.5

The kevs are same as table 19,

Inoculation soon after panicle formation had loncer incubation
rericd in both kinds. Inoculation on old ranicles had shorter

incuhation period. Nodifference in 1ncubation period between tho
kinds was observed.

Teble 20 shows incubauion neriod in node of vanicle branch
and rachis., nccording to the table, number of deseazes was at tho
helzht on 9th dav after inoculation and had almost the same
tendencvy as Cikelnt Averase incuhatlion vneri od of Huzisaikia no, &8
vas-11.1 2ays Tor vmanicle comnletion veriod, 9.4 davs for milk
rivenins reriod and 3.4 davs for starch rireﬂing veriocd. Joriw

- 4 o



200 1 kant 9.9 davs Tor vaznlcele connletion neriod, 14,3 davs for
“Alx rvinerding verlod and 7.5 dave Tor starch rivening reriod.

“hege reaults do not necoesgertly zore~e with those of Fuzlirak

Toole 21 shovwe the A-menae of rnade at the neck of ranicle
(neck tlast)., averare incuhrsion period 1s long in vanicle com-
nletion nevriod 21 both kinds, and medium In 210X cinenlinz
verlod whereas it is shoart in starch rivening perlod. Ihis has
the s2me tendencv o

Incukation reriod in Node 2t the neck of Panicle

L R T T R T ST e

1, 2) .3) S I A 10)(*5;,

a4 e akug Y e e S|
5¥i o)'”'!7)1|‘xe)1u: 9) A (H)

o jfdzﬁ 10 47 0 12 1 13 Vze ua_

RS 4R m A 43 ! 0 6 0 7 1 -
l]. b ;La SJ “lu He] :)] ) .
) 1 HARG | 42 0 7 2 — 9 a7
(74 66 oz a5 ] 3 36 0.8

12 )tk is 4A E ‘53 4 5 4 1 14 9.4
(sm bl ] 6 2 - 13 8.3

Wi 69

The leys are same as table 19.

Infection of vanicle Tranch blast cen ez2silv occur at relotively
later veriod. Incubatlon veriod 1s somewhat denendent on inocu-
lation time. Our results show tendencwv of shortening the incuba-
tion period as the innculation was done at later veriod. £Also,
incubation veriod 1is lour for node a2t the neck of vanicle and
cshort for snikelet. Incubtatlion nerisd for node of rachls and -
penic.e branch is in bhetween the above two.

2. Infection Period in Nature
Panicle branch blast is vnrevented by changins the neringd
of medicinal spraving or combining the period snd number of
soraving at farm and infection period is investigated from
“evelopment of wnanicle branch blast. ‘
a. Zxverimental lkethod

Place; Farm of Ckavama State Amricultaral pxpe*imental
Stauion Hokuko Okayamashi
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7;;Year; 1053-195¢ 3 weavs
‘ . iyl\‘u) ,‘ Aga‘ 1 )

}lexlng?‘Plantva ot 7iddle of av, Treumstlanted »f Jw
: . . L2 gstockes & re cianted ver 3.3 s3auail meiers,
s vas varied a ellv and ©ollowing amount ras fiven
" . A « {per i3 28) n 1788, amwoniva eulfntes ays siven
vl tizes asg zcllcas. 7.5 Kz oom Julv 31, 7.5 Ko om

. 13, 15 Kz o1 Sert, 1 and 22.5 Xo on Serni. 17,

. - and 1990, Tertilizer ic ziven on Sent. 5 and
resvectivelv Instead of civine 2t several times.

Sl . i) 2 ﬂ Iz s 19394 1505

S e e e L - o

i K A 3 =7 (& 1t E Sy

1 5 S 8 rxx J; - (-fsiz.\ ) 12 =
i . Ay AN K . i3 40 10
; LT 29 . 20

- 8’}:{‘”?* B
D 2N S N B 5t 4 S

7) i 2 Y 1.2 1,000

vy .

3
2 . ‘iert lizer. ) 5. Fotsssium salt
immonium sulfate (orig.’mal) ~ 6. Soy hean

»

°ame zg abave (follow) 7. Comnest

Calciud nhosohate )
Table 22 \
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Weather table 1 (1958}
of Ckayvama Region)

N e e oy e apm

PR

B e

S

SRS Bl o L

- T s~ e - - Enmatehaasdeniianie S o
T R Gt ‘i
)




o

E
£
i
g
v
LY
5
3
i
S
-3
|4
by
i
¥
i
I
?
:

e

e anoTvn g AL A L RI)

TSR S e, st

AR |

IR PR T

O U de ) N e
[
-
h
12

L2 I U ]
2
(-]

N G4
1Y
-

i2)s &

3.2

252 185 2.

25.6° 156 I

~A3)10 J

5 1 2057 L3 s w3
8 i 17.3° &8 1L: 6.5,

seoanth

ceriod of 5 Qavs

Girhest vemperature

Lowest temperature

Lverage teucersture

snount ¢f rain fall

Zumoer of davs of rain fﬁll

Time of sun shine
June

Juiv
‘:”,lSt
September

By
2.0
283 1930 oz

1 ¢ 218 13 sl
2 ;22T 9.4 RN
3 o219 154 18

41 2000 3210 s

erk

PR
W, L um

‘b Nt d

Lll-

12,

15.

'

5  ike r}x (?.QE)
5 7

3 ...:.S O Hi3 (108)
1 -55.5

3 434 5

4 3. 5 17)

2 43.4 R (315)
3 e 1

1 O

1 =2 18)

2 3o B Qs
P+ ]

247 i (23 215H)
i 350 i?)

- o= 20)- -

2 274 BTQREIFRNAECCH)

2 2.8 ‘"&?(g?) -0
an = . T2 (I3

1 D ,\,\mﬂ.; (11, 15H)

2 3.2 jc;l (éé, . té:;zl,)

POns A Gy

3, 3.3 ERANNGH (I!UH)

2 17.6 21)

2 A7 SN (B R)

2 87

3 17.6 ° Q7. 1#¥7)

4 5.2

2 23.8 “\

October

Remarks

Farm Plant (29th day)
Tsuvuake (10th dav)

uda*ticwaW fertilizer ()lst
day)

Additlonal
dav)
Strong wind (23rd, 24th day)

fertilizer (1%th

o

wey

B A e ke e T




20, nl7 izer icine snrav (ft- :..'}

. Additioneal fertiliz- -

3
$
[0 St and
30 et
ol id
'."0
"")
Q
,~‘
3
5]
-t
i

4 _ Panr 9
c (13 e sor n, 15th dav)
. Stro "13 wind (1" dev. :
. Eir rain (2200, 23ri;dA
s . Kedicine soraving (24t
e . MN=2?icine spraving (304
: 21. Xeiicine svravire {2th cdav)
; rain (17th, 13- dav)
. . Table 23
5 veather Table 2 {1553) (Zxerined by westrer chmervatory
| . \ of C:avame Revion)
§
: “pey P56 e g -
P ‘ I N T - I R '
: 7 e Y S e [T
: "9 6 K S O SV R a63 |
i 2 By 139 7o 61 4 33.8,
. Lo T3 29 L3 199 60 0 4.1,
1 ! 47} s 188 231 19, 2 3i§,
Co ‘5 | 288 191 25| 03. 3 ! 38
3 . ' 6 ! 289:.197) 01; 10.5) 3 ; 289;
A 10) ¢ .4 1 o 23,8‘ 6.1 1L2: 4 212
qJie : 2 3041 227; 25.3] 181! 5 269 15)
! i 3 2527 26| 230 8.3; 5 10.6 - 35 (11 13~15R)
1. . 4 | 203, 26! 261¢ 64 3 20,1
P 5 32.0° 238F 2n5; 01 1 33.9°
. 6 33 25 w9l GO, 2 63.8
i , 1) 8 A 1§ ssi 25 |, 0o o ; sus! 16)
K ) 2 300 2.2 264, 431} 4 0 21.3) HEE M)
. 3 2017 2L8) 284, E0 4 287
- : 4 | 315, 2337 269° 90 1 32
5 3.7 232! 268° 02, 4 2.7 ,,_\n,,,:n.(nrn
* 6 3§ 2.1] 2.8, 0.6] 0 60.2 " L (281)
‘ 12) 9 & | 3200 2.0. 259! 08: 1 ©om2 ——17)
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i . 3 30.0° 2.7  281° 657, 4 171 ; i)
: 4 283 21.0° 2.8 101, 2 a7.5" #ir (17, 180)
. 5 22,2 171 2.9, 433 3 27.0: SEENAAT (23D
3 ! ; 6 | 236 160: 204 656 2z . 331, HE (6D
' - P13 105 1 2&1’, 16.9. 195 125 3 121
S 2 ! o248 14, 187, 35.3. 2 23.2
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aravea

v

rrempsraes

TR AT

HA
1.
17. i
Fa~icle fTeormation nerisd (180ih dav)
Yeclicive sureving (18%h fav)
Strors wind (17th 19%h dav)
Fedicine snravin~{23r2 dav)
Stronz wind (24th dav)
¥edicina syrevinc 1
Suravins nerini; . Theee are different for each exveriment
Yumber of suravine: J awd the results are showm in tables.
Srraying concentration: )

F anraving: L Xr nowder wer 10 2 2rd 120 1 liguid ner 102,
caticn; 3= continuous sections lumn meihcd. :
2 n: 15-i%4,5 sousre neters

Table 2L

seather Tahle 3 (19%50) (Exanmined bv weather observatory -

of Ciavama Region)

Keys are szme a3 table 22 except follo.iva

15, Big rain (2isp, 22nd day) 18, ¥edicine svraving (lst dav)
1. Big rain (?th dav) ¥edicine spraving (22th day)

'ﬁ

Dzvm high temuverature Panicie FTormation veriod
17. Strong wind (12th dav) (11th day)
Strone wind (29th dav) iedicine spravinz(2lst dav)
edicine soraving(2?th dav)
19. Eiz'rain (“th, 7tnu dav)

Examination; In middls-end vart of Cctorer, deseases are eoxamined.

cn 20-30 stoeks in one section. Node blast and neck
blast sre comnared by vanicle desease ratio. Fanicle
branch blast is based on index value of chearter II,
and vanicle desease 1s examined in 10 sevarate
classifications. Following equation was used for
panicle branch desease.

’ Z (Deseasec of each panicle) x 100 (%)
Fanicle branch cdesease = " "Total number of ranicle

- L1,'9 -
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Fanlcle deserse rate ‘s iicht for de”ree‘of desenre L1
.3, medium for 0.2-3.7 =2n3d neavr fer §. -1.0.

o  Weather; weather of Junme-Cctoter in § davs verlod was shoun -
. talle 22-24,

b. Exmerimentzal Resultis.
(1) Investization bv Soresan Tigme syraving
" This experiments are conducted in 195°-1052.

In 1988, experiments on nurher of svravincs are covducted -
the resuits are showm in table 25,

- 1) 2) 3) ). .5 8) .7) 8)

B B OB T ERE & %
TR T e T T T T
9) A 11 245 150 190 L6 26.1
205 4.7, 218 L2 53.7
2.4 162 8T 280 12.6

7 [} ' ! ’ _]‘5)
26.5: 18.8: 22.0° 8.4 19.7 | A 21, 220)

30.6; 220 260! 00

(- T B XX
8
it
-
& &g
©
1o
'C'
o
.
—
B LY U =
N
o~
o

i
¥
i
W
-
-

3.0, 225 2.

: . 25 : 1| 16)
2.0, 220} 251 1281

21.7| AW (8R)

1 3
: 2 ‘ 3
el 3 3211 28] 266] 42{ 2 .3 ) Sopan
D . 4 | s27i 27| =2 0.8] 3 3.7 :
NS 5 |.3%20 223f 2.8' 00, 0 5L9
1 » 6 B0, 9| s 2 3 | 23
i Wk A 1| 3l o204l e 00f 1 | 504
: 2 | 2 2270 2Woi 2009, 1 | se0| 17)
: 3 | 22! 232 w11l o4 197 HE Q2R
4. 35| 225 264! 00! 0 i 46l
5 | a24) 234] 2240 03i 2 | 420
6 3.5, 225 26.6. 455 | 40.4| (298D
5 é?' i

1 288! 223 =48

¢ 4 2 2.5 193 21

. .' . 3 | 2100 209 221
4
5

N &
© &S

3

5 ’ 7.5| et (10)18)
3 19.2 1 SEEAT (B HD

o | a7 mEmmOuELERR
|
2
5

(52 I - 3

—

e
™o

206, 20,6, 24.1-
28.8| 18.2: 26

=2
=2

20.6 | FWAT (1B
° 3.5 ¢ 23.9] SEWAN (28R)
' 206 139 177 43, 3 155 19)

[
:'l
£-9
—
i &
e
b
=
-
e

1
2 2.7 } M6 Isd. 7210 2 0 2010 A C6 7H)
. 3 252 1200 181 00 0 | 4L5
4 | 23.33 L3 164 w9, 2 | 361
. 5 ¢+ 226° 63 14.2' 0001 0 i 425
. ‘ 6 | 187 79! 11 11, 2 | 3.1
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“esle 2

of 3 sections)

1) Siter _gter E ﬂbnu 4 %\AW
By i X 2)_, » 3 : S ) i S
X L 2 —-1: _Nfa.“u. B 5)”;’ f-. g 6).’ L.- ‘T‘?)*\l 41( 8)“ ;
9z a A ol wim  aien 2%0 fe afe

21

10) 1l4H - £ G St 0.6(89) - 0.5(20) 3.1(70)  2.0033) L70Y) 3.0
1) AT B B ﬁ% 0.0700) 0.7 5.0052) 2807 L00*)  457m

12) im0 “‘,('f 0.0 e 2.607) L1663 ¢ 0.3(63) L2y

be

13) SR m TR a1 .7,".“ 0. 0C160) ) w3 2.2(29)  L0(67)  0.6(23)  1.4(66)

A

W)k w8 B % owi 0 5.3

mxmeriment Lv Stravins Seresan line (1) (1957) (ivewra-a

L3=)  10.5(—) 3.0 08(=) 41

) b»;?ﬁ!s}::m 30/1X, 3
\ 2) Ay apiEbineiiin
E E}-ﬁ. ;_;__( TN
T8 tEi oML :tm’c:_nm
Too AFZHUCHT S,

15)5(0'1 Xﬂlfﬁlalky)gil') \’5).

1"

Sprayving

“ode blast ratio

NecX blast of vanicle desease ratlo

Panicle branch blast

Lizht panicle desease ratlo

Nediun penicle desezsze rTatlo

Heavy vanicle desease ratin

Degree of par.:le branch desease

Panicle formation period, one sprav

Fanlcle formation; completion period: two svravs
Panicle formation-¥ilk rivening veriod, three spravs
Panicle formation-Starch rivening ncriod four spravs

Fanicle formation-Initial vellow ripeninq vericd, f{ive

a[prays
Standayrd, no suray

Remark 1) Svrav dates are a&s fO‘LO”S. Fanicle formation
veriod 5/1X, panicle completion veriod 15/IX,
milk rivening perlod 24/IX, starch ripening veriod

30/1X, initial yellow rinenine period 8/X.

2) Farenthesis indicates rrevention retio

- 81 -

PR 6/IX, BEMIAA 15/IX, ALBMGEAT 241X,

O AR LT 1% % R#&mqtséu& 2,6 0 LLTIRL

L ks e Tems 4

e
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Srnenca tin Ia  (Zoenare rmtio in
rrevention ratle= v»o snravy zacilon)- aryny section )
.- j / .
Dosease raciO OF ro <mrav seciion R R

3) Seal; NVerative 4Uﬂherq fyom caleunlation z2re troo =l
- 88 zZerd nreveﬁt on effTect. This is faollawed fraz
nere on,. :

Accordiny to tnble 23, Fasense voatio of llilont ernicle
brancn blast was leow in crray eactlon comnared nifh no spray
section.: Betweesn encn snray eectiono. the difference ia lisht

varniicle desense ratio vwas not lar avd trhe ratio was a litele
}Oh in 455 ti~es svrav sections. rﬂwXVTP desecacse ratio of wadfin

and neavy svantoms was hich in 123 times sprav sectlon from
panicle formation vmeriod to milk rirenine veriod and wo 4diviere-c:
was observed in at-ndscd, wo sorav section, Hovever, snraving
at storceh rineninzs reriod ivn zddltiom to tnree tluaes of sorav
reduced the ranicic 4An-nenze ratio, lnnicie desease ratio for
five snravs in initial »ellow rirenins tericd was ahout = e

)

'

that for rour snrave, Derren of manlicle brancn desease vns
hich in 1=3 =orove section and low in -5 spravs sectiom,
Therefore, sorav in <tarch rineninr reriod reduced the desease,

Looking back at weather condit 1ons since 1952 (sce *abl:z
22), there were strong wind without rzain on Sent., 17 and bic
rain on 22nd ard 23rd risnht-hefore the snray of milk rinening

‘pericd (24/1IX). Weather afterwards was rclatively smooth.

Considering all these conditions effects af mecicire

. snray vwere redveced due to wind and rain of middle-end of Sont-
"ember, and infecticn was ranidiy svread after the strong wind.

Thus, the ovrortunity for infection was incrcased fron thne end
of Sevtember to beginning of COctober. Thus. svraying on Sept.
30 of starch ripening vericd rrevented bacilii invasion and
considered to reduce desease.

Table 24

Experiment by Snreaainz Seresan Line (2) (1959)
, - (Avera=e of 3 secilen.:)
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17,
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.'i:l_?))ni 47( ,‘, 8)1 i

‘ - % s
R R R R R CONNE S IR CORIEN ¢ an
10) & I B R &M Qﬁ 6. 6(30) W 16.1018)  &1(40)  3.4(78) T 10.1(6)
1a/ - .
) %E 6.282) TN 15.0022)  T.4(46)  5.8(57)  11.8(49)
1S . -
'v';hﬁﬁ Q0.4(F0) 166557 18608 8.2(40) 6.2 13.4{42)
JEL eatsmy anrnol ea(e 5.5(59)  5.9(57)  IL&(4W)
[REH ) .
153 2.1(99) 9wy A6(6) 1.4(00)  2.3(83) - 3.7(84)
15) s B 251 200 mom)  01G2) 206 1102 3.7()
EH . - . .
16) & - R éigg 4,7(86)  .u(87)  14.3(25) 3.6(74) 2.3(83) 6.4(72)
W) ci e RBE R 3500 A 6,305 4369 208 670D
A
18) i w | % A 32(=) 2ia{=) 19.1(=) 13.6(—) 13.6(=) 22.2(=)
Fo : e ¥ n.s. o . =
t (0.C1) Sd 5.8 1143 - 3.1 4.02 4.49
¢ (0.05) Sd 428 8.38 - 2.31 2.94 3.27. o
19) g 1 IATRROESLD, S T 25/ )w'-r,r&'*m-zm 26/, ZRMLEE
. S/IX, ZhtuMIYeAi 15/IX, LA skt 2o/,
2) ﬁ;:Wuw ‘*mr.
Srreading
de blast desease ratio
“eck blast desease ratio
FPanlicle branch blast -
Light. wanicle desecase ratilo \ .
tedivn vanlcle desease ratio ’ P
Eeavy vanilcle desease ratio v -

Cerree of vnanicle branch desease
11iddle period of young vanicle formation, one spreading
latter neriod of yvoung venicle formation, one spreadirs
ranlcle completion neriod, one snrerding

Panlcle completion period, one svrez’iing

#ilk rivening periocd, on sprecsding

fi1ddle period of voung vanicle formation; ranicle completion
period. Two spreading

Latter verlod of voung nanicle forwatioﬂ. Panlcle Torwation
veriod. Two soreadine

Fonlcle formation rericd, rFoanicle commletion rerind

Two spreading
~niele comnletion reried.

itk rivenina reriod iwo snreadins

DRV




. b

"12, Standard. Yo snreadine
19, Remark 1) Spreadins An+oe ~ra ar follovws, Srxgadis- b
‘ widdle meried of voure panicle formation 2%/.111,
latter neriod of vounr ranicle Tormation 2°/VIII
Panicle formation veriod 3/1:,
Panicles comuletion weriad 19/14,
1l rivening vericd 23/IX ,
2) Parentnesis irdicates vrsventlim rotio

Tabla 26 ahous exveriwcental results obtained in 17 )9 oV
rreading period of Seresan line. fcoo~dine to table 27,
lzsease 13 =swall in one =o ve=ﬂi*" a4t middle nerisd of vounr
venlecle formeation (25/VI II) Tut many Aesennes swe Jevelorwasd at
other reriods., However, the desenrse is reduced comaldershiy Wv
t

w0 gvrendiness as a resuvlt of zcombinias Luo rericds,

4
L

; Specificallv, wanicle

(S8
, spreadine durinq 138 le maringd
| panicle comnletion wneriod {(25/¢
; soreadinms durins latier veriod aune lele G :
i - vanicle formation period (2%/FIII, 57IX) aad one qw“eaQng
: ©during middle period of young panlcle formation (2%/VIIXI).
j Fanicle -deseases ia other cazes were manv ia bothh one or two
< i soreadines, -iedium and sericus ranicle deseases were gmail in

core soroszaing at middle periecd-latter period of voung nonicle
formation and many 1n other cases. Two spreadings reduced
panicle deseases speciallv during middle veriod of panicle
formation, mnanicle comnletion period and latter nericd of pani-
S S cle formatio. Panicle brarcn decease has a2 tendencv of mediun
- , and serious wanicle desease ratio.

Jeather of 1959 (sees table 23) indlcates that the clear

j - weather was disturbed by strons wind of sagust =9 and rainy
o L davs continued uritil Ausust 15. Temveravure was little lower
oo “ than usual. After august 15, the weather was zood with syall

‘ﬂ o amount ol rain a20.d high temperature extended to veglnnine o7

i Seotember. rfrom second 5 days of September, there was ralr and
strong wind blew on Sent., 17 and ?6 Weather was bad hetwaen
these two winds.

Blost desense beman to be nctive under unseasonable
weather in the first half of Auqust. But the second infection
‘was checked by medicine enreading (25/VIII; durine middle

. reriod of vounsz panicle formation. The snread of blast desesnse
~after the middle rerlod of voung panicle formation was emall
begaust of wood wenther 1n second half of Aupust. Tunc, the
freauencv. of infectiom was cons*aernblv reduced and the dove-

e TR 377
e s o it e

i ' lonment of desease was verv small under these zonditions.
; ’ 5
i %
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: ! thereas node blact vrﬁ mack hlast became relotively
{ § ' grall by one srrezdine, pinicle “ranch blant desesze was not
3 ; mich reduced. The resgon is nrovanly as follows, Due to the
! £ effects of stromw wind (Sent, 17, Zent. 20), ~vrironment became
3 b(—)tt(”'t‘ for develovrent of derczre and orrortunity far blost
4 ] hacllit invasion existed at the ewd of Sentember 204 heorinnineg
i 2 of Lctobcr stae as in 1959, However, in n~de end neck hlast,
i : the deseases was few in snite of bﬁc*‘li Invasion durire thie
- neriod. Cn the other hawd, the nranicle eath increased as 4 ,
F ~ result of infection dhrln@ thls pericd. :
o _ (2) Investimation bv Snreadivz £.. Ewaloion

: Eynerirental results ﬂhiﬂinoq by uetn" rHs 2rulsion
: : in 165% are chown i1 table 27,

§ Ianle 27

% o o :

¢ Experiment by Srreading I¥A Zmulslon (195%) (4Averaze of

: 3 sections)
; !

] 1 ‘ 58 3

P T

i % ' i

L S e T vy o ;

B) o M 1M 01 0.0 5100 1.u(6) G.7(2‘i)

b 9) b H M 1R 0. 0.0 57000)  1.5(46)  7.2821)

L C10) I d W e 0.3 0.2 1.7(25)  1.9(32)  6.6(28)

: 1) 4 B W 1w 0.1 0.1 6.0(5) 3200  9.200)

¢ 12 Mw.mﬂwzzmmm 0.1 0.1 ROQD 278 7.705)

¢ ' 133 i i 2 0.0 0.0 36043 LIG6L)  4.73i8)

; 1) ey 2 Bl 0.0 0 1,8(24) 39(06) 87D

: 15) @ W f’ i 0.4 0.2 6.3(=>  2.8(—) 9.1(j-)w_

16) G D il T, AU 6N, N T/, AN 15/, Al

i izt /X

£, 2) Jy NSRRI,

i ‘ 3D PMALMLI0NSE 7 IR AN S i bOTARANGE g B LT 457,

T , SR 2,000 {5,

:

. . Spreading )

5 . Mode blast ratio

Panlcle desease ratio of neck blast

Paniele branch blast

Rate of licht vanicle degerse

ate of weadinm nanicle desessp

. fate ofgerious voanicle deserse

. Poanicle formation neriod, one s“reading
boviiele ~vouwth veri-L, one soureading
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10, FaAlcle comrletion meriocd, ~ne s-rending

11, Mil% rinening rericd, one avrending .
12. Panicle fornmation, »anizle ~rowth revicd, two v

'13. Fanicle formatlion, ranicle cranietion, Two srreadin-
iL. Ponicle comnletion, milk riveainy nericd, two spreadin
15. Standard, no sy»reading :

»

14, Remari 1) Snreadins dotee; »anicle formaticn vericd (/I
; nanicle ~rrowth neriod 11/ nenicle comrlenfon
reriod 15/14, mil% rivening vweriod 24/IX,

Farentneslis indicates nreveation ratio.

PrA emsulsign was obtained in Julwv, 1958 from
Aericultural Technolozv Research Institute, ~04
contains 4.5 % ¥z, Spreading concentration: 2.C10

tizes

W N
—t N

Daseases at this farn were menceraliv lern. Descases
were develoned ~ 1itt)~» more in =zrctlion of one zpreadin-—.
Mp larse difference between the svroadine sections was churoryad

and the derceanrs vore develoned lesz in gection of two avrendi-o

ot nanicle formation and raniecle comrletion periodl, Dercocses
were less for svrresdine at vanicle formation meriod (7/1i%) or
vanicle completion =eriod (15/IX) and 2 1little more for snron-~
dinz ot milk rivevnine neriod (28/IX). Desezses were in hesuzin
abovre two for srreading at vanicle ecrowth veriod. DUeseascs were
rrobtahly developed 2 little more for conreadins during ~ilX
rinening rveriod due to washing of ‘medicine by Ybad weather.
Panicle branch blast was less develoved througn 1-2 srroading
durince naoniele formetion verlod bhecause medicine lowered coni-
dial density of »last btacilll and reduced infection of vouns
vanicle. Also the enreadinz durine vsnicle completion nerliod
was useful in nreventing infectlions. In 1957, tne most infec-
tiove veriod of ranicle bhranch bLlast i'as considered to be the
end of Septenber as mentlioned nreviously. In this exweriqent,
it was difficult to determine infectious reriocd tecause the
medicinal spreading was not conducted durlug this wmeriod.

(3) Investigations ov Spreading Blast-Siding S

Table 2?2 spnows experimental results from snreadins
30 oom blast sidine S in 19€0. Aceordins to table 25, davelon-
ment of licht desease in vanicle »ranch blest was o little more
in sectlion of one soreading. There was almost no difference in
developnent of desease hetween the spreading section of both
canicle formation veriod (1/IX) and starch rivening perioed
(23/IX) and no streadinz section., Panicle desesse rate in two
snreading section including nanicle Tormation peried was nliechk-
tlv lower. In medium and seriou: desecaseg, panicle descase
rate was slightlv lower in one soreading section but no differ-
ence existed between th2 snreading neriods.
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venarinzut of 3nreading 1o <'u-> Aiar S (19270)
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10,07 w) 2.7(57)

7.5008) 2. 2065

0.321)  2.8(56)

el 1) 2.7(57)

T 1.4(78)

SO051)  0,7(89)

6.6843)  L.7(73)

6.3(18)  2.0(68)

5.3(56) 0.7(89)

5.9(51) 1.3(79)

7.40303  lL.o(841)

37 Q. 3(95)
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2.41
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rFantele desanse rate in rediva dossase

Yunicle Jdesense rate ir seriovs Ao

Carroe of van‘cle branch desncase
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1 fk%
 OTEE
26035 5,601
2. 5:-;7) 4.8(52Y
2.2(63) 5 101%)
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~.5. First half perici or paniecle formati~a {Zla 3),

9. Latter nalf neriod of panicle formation(Bla S) one spreading
10, Milk ripe period (Bla 3), one snresdinzg ‘

2’ :11.7 Starch. rive period (Bla S) one svreading. -

- 1x12. First half panicle formation nerled (BLa 3), Latuer ‘half

one sovreadias

" speriod (Bla 3), two spreadings.

=-13. Same s above (m»rcurv), same as above (mercury), itwo
=T eaCAPQb :

‘”Saﬂe gs sxove (Bla S), yame as above (merecury), two
-sp:eodinvs _ T

‘Same as =bove (ﬂercurv) ame ss zbove (Bls S), two

‘ spreadin~s

1A, Latter half-of vanicle formation ver .dr(ola S), milx rice
” period (Bla S), two svreadings

. 17, Same'ss sbove (mercury). same as avove (mercurv), tuo

o -:{v') o

Lo

. rlve perlod was high in light desease. These are considersd

- soreadinzs
- 18, Same as atove (Bla 3), same as. abov ‘ercurv) two swrendin~s
19. Same as above (mercurv), same 8s above (Bia S). tvo.
‘-spreadings
Standard, no svresding
Qaﬁemark 1) Svreading dates, First half cf wanicle formation

¢ .x.  perled 1/IX latter half of cvanicle formation
Toe s '8/IX, milk ripe ueriod 21/IX, strrch ripe veriod
28/1X.

- 2) 30 vom blast sidinq S and rercury was the actual
“fumiron concentration. (two Fumiron t“b_bus rer
© 15 liters of water)
3) Parenthesis 1nd10ates prevention rate

‘While nanicle desease rate for each veriod was not much diffe
ent in seriors and medium desease, the desease rate for atarc:
t

be due to the infections after sterch rive nerlod. Also, a few

deseases In two spreading sections including vanicle formstion

-period were due to the reduction of infectious scurces. In two
spreadings of blast siding S or this and mercurv, ranicle branch
blast was speciallv few in milk rive veriod. This indicates a
" large effect of blast siding S sprezding during milk rive

- veriod.

Considering‘the experimental results for threse vears,

5; paniéle branch blast was checked ©bv the spreadinz during starch

- ripe period in 1958 (table 25), and the desease was speciallv
reduced bty spreading during panicle growth veriod in adiition
- to voung panicle formation period.in 1959 (table 24). In 1940,
the results are almost similar to orevious vear (table 2?).
The reason for the decrease of deseases by medicinal sprescdin-
before vanicle Hrowth veriod is that the spreading in this
perlod reduces densitv of inféctious source and decrease iuvicc-
tions after paniele growth. The reason for the decrease of
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desease bv medicinal svreading after vanicle zrowth neriod

is that 1t mainly prevents the Infectlons. rom these results,
we can sayv that nanicle branch blzst 1s infected gradually
over long period cf time from ranicle formsztion to starch ripe
veriod. The #ost infectious pericd was stronzly affected by
weather and 4diff2orent from vear to vear. .

3. Summarv

Inoculation veriod of panicle blast branch is differ-
ent depending on the parts of initial infectlon and infectious’
rcriod, but was about 7.5-11 davs. Medicinel soreadings during
each neriod from vwanicle formation to beginning of vellow ripe
vperlod were effective in some cases and inéffTective in other -
cases, Considerations of conditions during medicinal scvreading .
and incubation veriod indicate that panicle branch blast is
infected over the long period of time from panicle formation
to starch ripe period. .

a“.

Infectlons of spikelet and vanicle branch by 1nocalatlon‘ S

are clearly shown by exverimental observations of chapter II -
and even clearer in chapter VI. Cicourse, the most 1nfectlious -
vperiod differs considerably from yvear to vear due to variable

vearly environnment, but it is clear that panicle branch blast

is easily occurred by infecticn during later veriod.

VI Infection at Loter Period and Damage
_ Althcugh infections of vanicle branch blast are.known~
to occur over the long veriod of time, damages due to infections
at later period are not clear. Thus, we have attempted to
verifyv these from outdoor experiment.

1. Experimental Method

Aichlasahl (weak resistance) ard Tosan no, 38 (
strong resistance) were studied outdoor in a pot (inner souare -
5¢ x 50 cr, depth 30 om and concrete bottom) about 5 ecm of
gravel 1s nacked at the bottom of yot, and about 13 cm of field
soil is pnlaced on top of it, As fertillzers, 40 g of ammonia
sulfate, &0 g of ohosvhate lime and 16 g of ~otass1um sulfate
are given. Planted on Nav 7., and transplanted on June 22,

9 stocks (4 pleces per one stock) were planted in a pot.
Additional 5 g of smmonium sulfate were given on July 20 and
Aupust 21. Three inoculation periods of panicle completion .
period, milk ripe period and sterch rive veriod (for Tosan
no. 38, yellow rive period was added) were established and
two pots cf each kind are used for one perlod. Three stooks
vrer pot, total A stocks were used without inoculation.

- 59 -
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f, Blceinlant whthou* inoculation uas covered "1th rolyethylene
‘*, -baw and ‘solated from adhesion of conidium. Inoculation of

i 7 -beoilll (P-2 strain) was, conducted by sprav method and panicles
_wWeré-covered with rolvethvlene bag immedlatelv afterwards.

." They are left two davs,., Each plants are marked by the dates so
.. that inoculation dates ¢an be traced. Number of infections was

amined 13 'davs after inoculation, and degree of vanicle bran-

j"{"ch desease was examined 3 weeks after inoculation and Cctober
;2#-25. EXamination of desease was conducted by the method of
'chapter II. oo

Experiment of later neriod 1nfection was conducted with

" "panicles having same date of forming node at the neck of .

.+ vanlcle. Thus, the size of nanicle was made even. In experiment
. of: Adchiasshl, node at the neck cf panicle wis formed at.9-10th

“of September  and in Tosan no. 3 -, it was formed on 5-5 th of

. September. Desease of nanicle branch whose node at the neck was

not invaded was examined on' 3 weeks after inoculation. The
vanicles are cut at the end of October and dried by wind for

~about a month. Psnicle weight, number ratio and weight of
1,000 grains unpolished rice viere measured.

‘These exoeriments are conducted at Agrivultural Techno-

:flogv'Research Institute (Nishikehara Kitaku Tokyo) in 1956

3%\~k ¢ P P

st

and- tne weather of that _Year 1s shown in. Figure 6
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date of typhoon and date of inoculation during the
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2. Experimen tal Hesults

a. Infection at Latar Period and Develcpment of
Desease

Distribution of ‘panicles during inoculation b,v‘;f

number of davs after node at uhe‘neck of panicle 1s formed is_kg.-,,s_:.;fl

shown 1in table 29.
‘Table 29

Distribution of Panilcles during Inoculation bv Number
of Davs after Nede at the Neck of Panicle is formed .

1) B )% o 3);, .x.ub,, - '

% AR BE CK|AX DX CK
—3 ] G G GO ‘} FECIXCHNEI)

-2 33 i 36
e "
0 37 | 36
1 2 |40 7
2 26 |37 22
3 14 i 9 31,
4 8 i 38
5 13 } 10
6 4 2 | 29
7. 2 3 } 7
8 ‘ 23 1
9 37 l 10
10 9 ] M
.11 8 | 40 b
, 12 13 19
] B & 1 12
14 : 15 6
15 1
16 21
17 14
18 ‘ 22
: 19 T w2
} 20 14 i
[ 2] 12
/ 22 13 ;
? 3 6 |
! 24 1 !

C R (169 147 150 [1%88 175 102

l) % 1) SOWAKIZI/INREL BRI/ !
; 8, CIEKI3 28/DULRR
[ 2) NUL3sBIEire/Ix il BIRILII/IX
T Bl CIKIZ18/IXBLH




1. Sumber of davs after node nt the neck of ranicle is formed
2. Alchiasahi, 3 sestion, B section, C section
3. Tosan no. BQ. & section, B section, C section
4., Remark 1) A scction of ilchiasehi vas inocuvlated at 11/IX,
B gection 179/1{ and C sectlion ?23/IX
2) A sactlion of Tosan no. 33 wss inoculated at 6/IX,
B section 11/IX and C section 13/1X.

nccording to table 29, Alchlasahl was examined from 3 davs tefore
to 24 davs after node at the neck.of panicle was formed.

Punicles used. during vanicle completion peri-zd are from 3 days
before to 7 davs after node at the neck of mnanicle was formed
when considered bv classification of inoculations and most of
them are the panicles from immediately after to 3 davs after the
node formation. In inoculation during milk rive period, the
panicles are 5-13 days after the node .formation and most of them
_qre‘4-9 days afier neck formatinn. In inoculation during starch
ripe nériod, the panicles are 13-24 davs after tne node at the
neck of ranicles was formed, and most of them are 16-20 days.
Similarlv in Tosan no. 38, panicles for-comvletion period are
from immedliately after to two days after node at the neck of
panicle was formed, 2-6 davs after node formation for milk

ripe period and 10-13 days after node formation for starch

.. ripe period. " Although the above examinatlions are lacking

‘during vellow ripe veriod, most of them are estimated to be
25-29 days after nnde at the neck of ranicle was formed since
ranicle growth perlod was Sept. 3 and inoculation was conducted
on Oct. 4. The perlod when more than half had formed node at
the neck of panicles corresponds to 3-4 davs after the growth
veriod.

 Table 30 shows number of infections on each parts of
nanlcle on 13th day after inoculation.

According to table 30, many deseases were develooed in
spikelet and particularly severe for inoculation at,lauer verlod.
Tosan no. 38 had 9 spots of deseases ver vanicle for inocula-
tion at starch ripve verlod. Leseases on node of vanicle branch
or rachls were very few compared with spikclet. However, the
number of infecstions intreases for inocculation =t latter
veriod similar to the case of svikelet.
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Inoculation at Later Periocd sud Infeciions

- 2) - . - . r ey
1) i 3) AN R
1 - £ -5)- ) 7). S --8)-:9). ~10)—I1)-
KB 'é? RO 135 SO u)«c i?‘.).a;, ﬂ' 1Yl g
?41 159 LI 0.3 2.0 0.1 0.2 0.1 0.32
| ( n]ﬂ)
t
147 0.4 0. 3.0 0.4 . , :
1) R M A (A“M) z 0.4 0.1 oy
i 9.28 150 - -~ - - - :
;awmm> b1 0.4
\m4ur ms 0 0 0 0 0 0 0
158 .4 { :-.'.-."-‘—-- L .
me) 02 . 0.8 0.03 0.02 0.09
175 0.2 0.0 1. 0. - 1 -
E (quﬁjw) | 6 0.02 0.1 0.11
ne ! 9.18 102 0.2 .
13),hm38v]owﬂwo 91 8.5 0.2 0.7 003 0.15
113 — — - - - —
f Ghasm , 0.10
(4% 43 7% 173 -0 0 o 0 0 0 0
. Kinds

. Inoculatior. date

Numbei of panlcles

Number of infections per ranicle

. Palea and lemma

. Glume

. Inner and outer lemma

Node of panicle branch

Node of rachis

10. Devoluted panicle branch

11. Node at the neck of panicle

12. Alchiasani (vanicle completlon veriod

(milk rive period)
(starch ripe period
{no inoculation :

13. Tosan no. 33 (ranicle completion period
(milk rice pericd)
{starch ripe period)
(vellow ripe veriod)

20 inoculation
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Table 31

Inoculation at Later period gnd Develonment of Desease

e ¢ S -t S SO— 2) - —— - 4 S emae e m— - v — v - L a—
1)za W 3iekmammy 7)1 4 21 A
ot 28 0l G eerShicer 6 a)uu(Lf9er 10) .~
e ST T ’.7 o '“uo’-'“_'_v"/-'." . Zs u"_ "a‘
{ on 18.7 1, 1 57.8 2101 a7 8.8
. (1Jn‘!h) ¢(19.5)  Gns)  w) Sy (66,0)  (100)
I 9.1 28.6 16.7 . 453 56,0 31,8 70.8
) G D Geey  Con o8y IL2) (o)
lJ ! 9,28 61.6 40,0 1.6 1.6 20.0 91,6
» VIR )) 67.2) (32.8) (100) 67.2) (328) 100D
; lfimiﬁ 0 0 0 .0 0 0
' , ( 6.9 9.1 '16.9 22.8_ 219 417
N ,”Jw) G13.1)  €56.9)  1100) (51.0)  (49.0) (100D ,
: ; ! 13.5 10,7 2.2 26.2 39.3 65.5 i
| J (;LYWJW)_ (55.8)  Cit2)  «100) (10.0)  €60.0) (100D i
. 3s-r 37.0 1.1 18,1 7.8 35.7 8.5 - '
‘ ) Ailu d <1wwn1w) 76.9) (21> {100 Grz) o (28 (100) - 3
‘ Y, ‘ 72,0 ' 6.5 78,5 72,5 6.5 ™5 :
! - RS QY*JW) GLD 8D (100> L7 €83 Cloo) ;
4% D¢ 16 0 0 0 0 0 0 ;

T13) W D RERE (8 TRELR, %y ARRE T, T }

1. Xinds 6. Total
2. Inoculation date 7. October 24
3. 3 weeks after inoculaticn 8. Panicle branch bhlast
4, Panlcle branch blest 9. teck blast
5. Neck blast 10, Total

11, Alchiasahi (Panicle completion period})
: : (milk ripe period)
(starch rine period)
no inoculation
12. Tosan no. 38 (vanicle completion peri.a
(milk ripe period)
(starch rine period)
(vellow rive vericd;
no inoculestion )
15. Remark 1) Degree of naniclie brarmch des2ase y+) vas vomvared.
Parenthesis indicsces iandex i tlo,

InTectlion of n~de at the neck of ovanicle *ad ondency
for inoculation at later perliod huv were ve Tfew

3R for inoculation at vellow rine neriol. JI?L‘F
nuxber of infectlcns are missing in so:e of Aic
inosculation at starch rive rerled exnd in some of
for inoculation at yvellowx rise ver iod ihese exazinations wer




crngellied beeauze of eeriv nailele death ¢.ter develosnzeat of
tesease. nccording Lo observations, infactions of snitelet

end -anlelr hrench are chorzciecisticsliv loy-2 in both scctions.
“rom these exverizental results, 't is clear :that nanicle

tranch !s easlilv infected at iater period after reading.

Desease vwas not observed in standard withoui inoculation.

€ .4

Table 31 shows the dezree of manicle dbrevch desease.
asccording to the table, the degree of waniclae brancn desease
in aichlasahl on 3 weeks after inoculation was 13.7 % f»or pan-
icle completion neriod, 22.5 4 for milk rine neriod and 61.6 %
for starch rine vericd. The deseases increase significantly for
later vweriod inoculation after heading. Tosan no. 338 had an
entirely simllar tendencv in the development of deseasges.
They reached 72 % for inoculation at vellow rine vweriod. Many
deseases were developed on Cctober 24 rizht hefore harvest.

Neck blast is slizhtly fewer than vanicle branch blast
or about the same (end of October). Cn three weeks aftcr inocu-
lation, the deseases tend to develon more for inoculation at
later verlod but less at the end cf Cctober rizht before har-
vest in both kinds. This reversal in the tendencv of desease
development 1s an interesting fact compared wiih the tendency
of manicle hranch blast. The effects on the death of nanicles
are different depending on the infected parts and periods.

From the proportion of vanicle branch blast among totsl
vanicle blasts, the following can be said. 1) Panicle branch
blast was about half of total rnanicle blasts when inoculated
soon after heading. However, vanicle branch blast was high in
inoculation after starch rive vericd ard 67 % in Aichiasahi.
for inoculatlon on September 2%. YYhereas it was 92 % in Tosan
mo. 3% for inoculation cn Cctober %, 2) The rronortion oi
ranicle branch blast and nesck tiast was different dependinz on
the verlod of examination even if they were inoculated at the
same veriod. The ratio of ncek vlast becomss hizh with increase
in elapsed days after inocviaticn. Converselv, the »atio of
vanlcle branch btlast bacomes iow. The reasons are the following.
Neck blast does not cause th2 death of panicles in short period
of davs after Infection snd tne exvanded lesion results in a
white panicle. The nanicle branch blast invades the node at the
reck of panlcle due to death of gsanicle end is counted as neck
tlast at the end of Cctcter.

Variation of vanleie branch blast incculated at different
verlod afler heading is showr in figure 7.
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1. Panicle branch blast (%)

2. Aichiasahi
3. Tosan no. 38
4. Days

Alchlasahl in PFiz. 7 shows that panicles have nmos* deseases
during heading and become more and more resistaut as the davs
elapse after hesding. Conversely, the panicles inoculzved . &.T
wilk ripe period and starch rive period had nore deseases with

similar tendency
as above.

Weather during the exveriments (see fis. §) was low
temverature of average 259C at the end of susust a=nd warm ten-~

verature with clear sky at the bezinning of Sest,«ner. Lecording

to weather bureau., autumn weather visited earii>r in Sevienmber.
Thére wes vplentv raln after the niddle of Sertenter and typhoon
on Septexber 10 ard: 28.

aAS can Ye seen from this weather, irocuin

2ticns on Sepnt.
10 and Sepnt. 28 corresmond to the dav rirht alter Tvrhoon.

Therefore, one of the reasons for develovuent of ma-r

2L mavw deseasss
in old vanicles in. this excerizent was thaetl the ifalecticn wuzs
orozoted ©y wounds froz tyvhom znd the deseass »as SmCoznly .
proyyzssaed DV & leomz raln In seecond Raif cf Seopientoes. lo2seases
in raenlicle completion perlicd were —anv In veusg tavmisles whereas
in =ilX ripe and srarch rive verizd, the desezss~s wore =mainv -
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no ewnat old ranicles. Thig sar-is omfivin the reiation
~etween desense gnd wourd from wi degscribh~d in chaonter 1IV.
rroa thiz exverisent, infection a ath of ranicle branch
nccur about 20 days after the readinzg of nciée 2t trhe neck of
nanicle in Alchiasani (23-20 dr's after wanicle completion
~eriod). and about 30 daves after the hendin~ ia Tosan nc., 393
(33-34 davs after panicle zouplsition period).

o]
2]

b, Intection at Lzater Period and Damare of Grain

Table 32 shows the relation between inoculation
verlod and welzht of rice ear, spikelet, and weight of 1000
grains of unvpolished rice.

Table 32

Inoculation at Later Perlod and Grains

[ —— — —mrs il e s as . n e riZeER

. 5 ” i . -
Da a 2)F0 sfimisE snan 6)mss 7\6@”&1&

f’ g %

(8 i~ 0 2.0 6 214k

8)? @ i EIUIEE O 9,11 10.1 1.6 22,2 20. 64
( Lo sas 36 1.6 26.2 20.24 .
WO M 9.23 0¥, 2 1.6 1.9 20.15 '
A PRET - 0 1.9 6.8 20.24 f
9Y i3S LI 9 6 1.0 1.6 6.3 20,03 'g
LR 3 9,11 18.3 1.8 18. 6 19,53 \
R SR | 9.1 10.2 1.8 4.6 19,07 f

10) fi 1) SUEALX 01 9 ~YOH, ROLSSYIL 9 B3~GRICHNSOEN LN iz 0w T RTE
;h.

1. Kirnds

2. Inoculatlion veriod

5. Imocuiztlon cate

*. Desree of nanicle tranch desease

S. welzht of cne ear of rice

4. Soikei=t ratio

7+ aelght of 1,000 zrains ¢of vnocliszel rice

S. =ichissanl +=o irncculatiom ‘
Tenlcle cozdietion tericd
n*i% rice veri-d
starch rine vericd
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. Togan no. 3% no inoculntion
i nanlicle comnicetion ner*od
nilx rive veriod
starch rive verlod
10. Remark 1) Ears of alchiasani uhonse node ct the neck of
“vanicle was formed on 9-10th of Sentember were
examined and those of Tosan no. 38 whove node
at the neck -~f vanicle was formed on 5-8th of
September were cexamined.

According to table 32, the desease in both “inds was the least
when .the mvpanicles.were inoculated at nanicle comvletion perilod,
mediun at milk rive reriod and the most at starch rive varied.
No desease was observed in rice vplant without inoculation. Ia
Aichlasahi, 1) Welght of ear was 2.0 g without inoculation
whereas it was 1.6 g 1n inoculated sections. In snite of a
conslderatle number of deseases during starch ripe verlod, 1t
vas not light. 2) Svikelet ratio was 7.6 ;, 12 no inoculatlon

" gection, 22.2 % in nanicle comvletiin veriocd and 26.2 % in milk

ripe perlod and increases in proportion to cdevelonment of desease.’
In starch rive vericd, it was 18.9 % and did not increase in
proportion to desease. 3) Weight of‘l,OOO grains of unpolished

. rice was 21.44 g in no inoculation section, 20.6L « in ear

£y

"completion period, 20.24 . in milk rive veriod and 20.15 g

in starch ripe neriod. It was slightly lighter for inoculatlion
at later perlod. Thus, the more the deseases are, the lighter
it is, Tosan no.‘38 had about the same tendency as above.

These results indlcate that the blast bacilli invade

: in about 3 weeks after heading in Aichiasahi (weakly resistant)

and about two weeks after heading in Tosan no. 38 (strong resis-
tant ) and cause the death of vanicle branch. As a result, the
quallity 1s lowered. In thne casz of infection at later veriod,
the velight of ear and spikelet ratio do not bvecome worse in
proportion to the degree of dasease. This 1s nrobably due to a
cexrtain degree of grain formation nrior to infection. The reason

for decrease 1lu welght of 1000 grains of unpolished rice by the
- later veriod inoculation is that they are invaded after the

grains are formed to a certain degree and these zrains are
counted as unpolished rice.

VII Discussion
1. Develoovment of\Desease
The parts of initial infections in panicle branch
blast are mainly splkelet, node of rachis and ncde of panicle

branch. Sometimes, the infectilons can be se=n in devoluted parts
of each organ or the space between the nodes. The iesions extend
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to the divection cf lower maris “rar the [nlagted narts, In
nther words, the Leslions axunad !4 the &iveetion of node at the
neck of nanicle. If the lower prrein of modrg were invaded due

to "death ol ear”, the nanlicle %Lroach locat~? on upner part of
node dilec and the dead rart of ear cxvands rapidiv, Tne spikelet
o1 vnnicle branch cease to ripen ond wnroduce 1"~r:plete rice.
Zxrvansion of lesion in voung ear is very oonid z-éd the deseas
develoved In voung ear causes damasesg over thno wide prea.

The damages Aare 1arver if the »erts »f ixniti2l infectlions are
lower varts of ear. Degeases of gnlkelet arc eacilv developed
and the number oi' deserses 1s also lLarze. Thun, tne damage due
vo svikelet infection occuvies more than n2lf or most of total
damage in panicle trancn tlast. "The death of ear” due to
svlkelet desease deoces not affect the entire rrirmarvy panicle
brancn. However, the desease of svikelet located nesr the node
at the neck of panicle causes neck olast. Uimilariy the desease
of solkelet located near the node of rachis causes the rachis .
hlast and infllct a large damaze. v -

The machanlism of desease devalonment in nanicle branch
blast was investipated bv Sawada (1927), ¥its ui (1934), Ito
et al (19377, Xono(1954) 2nd Xono and Suzuki (1940) and node
of rachls or node of nanicle branch was considered to be the
parts of initial infection.

Sawada (1927) has observed manv infections on junction
nart. The reason is that existence of white halr makes dew _
drops adhere on Jjunction vart of ear. irils also makes sdherence.
of blast bacilli conidium and invasion of vacilli easy, thus
creatinz the favorable environment for exvansion of lesion.’

e have also observed the iwnfection of node of rachis and node
of vanicle branch. In this wart, the deseass tends to advance
ranidly in the direction of the node. Tnie is in azreement with
the view voint of Sawada. Yoshii (1936) has investigated the
method of blast bacilll invasion and revorted that enidermis

or leaves near the junction point in node of vanicles are

most easily luvaded in agreszment with the view voint of Sawada.
Ite et al (1937) observed the invasion of blast bacilli on
junction part of nanicle and renorted that the baciili invasion
takes place on inside of junction part. Recentiv, Xono and )
Suzuki (1959) cut the ear before heading and 1“00ulavbd

As a reszult, they ovserved b2cilli invasion in manv parts cf
ear. The varts of initially :developed natural desease (25-30
davs after heading ) were mostlv node of rachis and node of
ranicle branch in addition to leaves. The deseases on the
sosce between the nodes were few.

We heave simllarlv observed irmroriant role of node of
rachls ¢ node of vanicle branch as a vart of iniiiz2l infection.
Zowever, above revorts differ from our view 50int in that the

™



developzent »f ranicle tranch blaat Trged o a~lkeles imfac._fcn
-are not mentioned in thelr renors. Althouch Yuribavaehi (1§2%)
already reported that snikelet itself is es=llv ivnvaded, no
mention has tesn mnde on the T~ct that "denth of car” roz
snikelet blast causes the canlcle »ranch rlast.

2. Infection of Snikele:

when blast bacilli invade a voune spliyelet, the
parts on lemma are easilv nenctrated and bacillli invade throush
nenbrane of external enidernmis.

Suzuki (1934) studied nenetration method of vacilli
in spikelet and reported that conidium drops into glume in
bloom or bacilll reach the swikelet through anther and probably
invade glume or rice grain. Since the tissues in intcrnal
evidermis ofglume are soft, penetration seems to be czsy.
Also, bacilli of wheat mould are saild to invade through internal
epidermis (Pugh et al 1933) or anther (Goto et sl 1953, Nisnhimon
1958). Therefore, this vossibility exicts in blast bacilli
and Suzuki's theorv 1s interesting from thé standvoint of
Infection mechanism. However, the conidial dispersion is few
in day time (Xuribavashi et al 1952) and the oveninz -of glume
in splkelet 1s done in short time durirg the day (Wagai 1949).
We have also observed that splkelets are easilv infected during
the ripening perlod. Thus, the mechanism of svnikelet blast
infectlion can be explained by Suzuki's theorvy in many cases.

When blast bacilli invade leaves of rice vlant and node
at the neck of panicle, they venetrate throurgh ernidermis
(Matsuura 1928, Suzukata et al 1931, Yoshii 1933 and 193L,
Kamura 1940), Since zlume is considered to be similar organ as
leaves (Breda De Eaan 1911), it is quite reasonable that the
penetration of bacilli in glume is through epidermis. However,
fslume lacks special cellular tissues that siliciiy difficultly
unlike leaves and has a soft internal evidermis. Lhus, penetra-
tion and activitv of bacillil after venetration including anpe-
arance of symptoms sre somewhat different from Lhe case of
leaves. ’

When unrivened svikelets are inoculated, the desease is
rapvlidly developed and the s'mptoms start to aorear in 72 hours
after lnoculation. Lesions on zlume turn to rrevish white color
around the vpenetrated marts avwd exvands. The dead warts are not
Clear 1in many cases but different from tvoical lesion on leaves.
This rrevish white leslon sometimes resembles tne white lesion
on leaves. In svlkelet blast, a small hrowm lesion similar to
brown tyove in leaf blast avprears in addition to zrevish white
lesion.
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dearnge cotidls are mericedly
tnerezced on enlidernis of dnrmarad enli¥elet o-d panicle.

Svol (15%0) observed cenidial forzatlion in voscular bundles

of dead leaves, hub e nevr wo: ohserved conidial formation

on tissues of r~luze in our r~ureriment. Deseasa iz easllv deve-
loped in young sunii~liet a-é coaidizl forzatlion sermns to be
ranid Jue to the facst zdvarcerent of desezse. Tnis conidium is
considered to ferm a source of =econdarvy iafcection in neck and
nanicle branch blastz at later neriod.

Ab on advaced gstote AP
-~ ~

Tip of lemmz in s»ikelet 1s easily invaded and the reason
for this is 25 follows. 1) Lewma has wider surface area than
ralea and shoulder vart is saddle shave with meny nalr.
Therefore, the bacilli have a hetter opunortunity to adhere
near the tin of lewmma. 2) Considering the structure of glume, .-
moisture holes and stomats are more at the tip than.other parts.
The discharpged liculd from moisture holes rromote the formation .
of dew drovs and sermination and growth of bsciili. 3) There ‘ :
are manvy hairs at the tir and the large hairs sesm to be easily -. :
damaged bv the friction of swnikelet. Thererfore, the infection -
due to wound increases. 4) Internal ernidermis or soft tissues
are more at the tip than other varts. Althousnh there may be no
direct relationship between the develovment of soft tlssues and
difficulty of bacilll penetration, these varts vrovide a favor-
able environment for activitv and soread of bacilli. 5) Many
stomata at the tip mean the vpresenne of blologically actlve
‘tissues. Also, at the tip of snlkelet, the contact of palea
and lemma is not close and internal epidermis can be directly
contacted to outside. Thus, the blast bacllli can easily invade .
through the tip. ' '

In short, the tip »nrovides a favorsble conditions for
penetration and spread of nlast baclilll and vromotes the infec-
tion and development of desease. '

3. #Wound and Panicle Brawch Blast

The ear receives severe vounds frou iLtreatment of-
artificial wind, and the deseases of vanlcle braancn blast
increase. The degree in desvelopment of deseace is closely
related to the number of wounds and severe wcunds cause more
deseases. Suzukata et al (1931) and Sskamoto (1940) also
reported that wounds make Infection of leaf blast easler.
Shimada (1937) revorted that other rarts of rice rlant in
addition to weocunded varts. are susceptible to desease &in leaf
blast. Ear treated br artificial wind mav nave the effects

Tt was frequently reported that nenicle bla
tyohoon (Yoshida 1543, Chda et al 1954, izi



Our experimental results seecm to orove these observations.
Lk, Period of Infection

€ The incubation verlod was somewhrat lonrer in young
naterials and shorter in old materials. Thec development of dese-
ase was ravid in voung spikelet, and qvmntOﬁ of desease copears
in 3.5-4 days after inoculation. The incubation n:rlolt was more
or less ‘different devending on the parts of panicle. The short
incubatior: period in splkelet 1s due to Dro<e1ce of manv soft
tissues and ravid spread of bacilli. On the contrery, the long
. incubation period in nocde at the neck of wpanicle or node of
rachis is due - to presence of thick membrane tissues. and slow
pread of bacilli. Thus, it is difficult to observe svmptom of
desease at initial veriod in this case. - ‘

From investigetion of natural infectious period at farm,
we have observed that infection of vanicle branch blast occurs
not only at early meriod but also later veriod including starch
ripe period.

5. Infections at Later Period and Damace

Infectious period of nanlicle branch blast was consi-
dered to be about the same perlod as neck blast jud«ing from
the effective period of medicinal vrevention (Nakagava et al
1954 and 1955, Yasu et al 1957, Mori et al 1953, Yamanaka et al
1958, Motohashi et al 1959, Kogawa et al 1960, Yamauchl et =2l
1960). In the farm where neck blasts are high, the ianfactions
of vanicle branch blast and neck btlast are rumerous rizht after
heading and the damage of ear increases due to expansion of
lesion. Thus, the damage due to infection at iater period was
hidden and seemed to esceve observation. Also the mild panicle
branch blast was not included in the standard of desease exami-
nation (Frevention of vlant evidemics section, Agricultural
improvement Bureau, Agriculture and Forestrv Devartment, 1955)
and the milk panicle branch blast at later seriocd wves nrobably
not recoxrded.

Agihara et al (1958) observed newly dGeveloved nanicle
branch blast in relativelvy later veriod of van ;c" grouihn.
Uzl et 21 iInvestigated:the matural desease cof “orin ne. % and
Asahl no. 2 and indicated the followinz. The ~roncrtion of
desease by perlods had the sane tendency in bHoth =Zinds, and the
desease was rarely develoved in two weeks sfter headinz. Then,
the deseases increase graduzally end Tesch abtcout 50 & in onc
zonth. The rest was the newlv cev>1loped cesense after tvihoon
of Sert. 30 and Cctober 4. 1) In Ncrin no. &, the rewir develcy
deseases are zany in 1-2 Zays after :tvygphoon. lhls ;
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ingepge sc-mus to nave sudldenly apreared dve to elfect of
tvahoon. 2) In asahi no. 2, the weulv develoned <eseases are
~amv In few davs sfter tvrhoon und the infTeciions seem to be
rromoted by tvnhosn tut seve ‘icubts exist 7n this offect.
ine incuration neriod of bizst de
cevendinz on the environ—ent i i
¢eveloped, the wrozress of ae ¢ car
inus, the ranicle ovranch tlast veloved a2t later veriod can
not be said with certainty to exclude the infections at early
rneriod. Bxnressicn o some doubts on the infections . at’ later - .
neriod bv Aginara was vrobatlv due to the awvove consideration.
We have alreadv revorted summarv of infactlilon on ncde
t the neck of nanicle and nccurrance oi wnite ear at later
neriod (1558). Here, we revort that paniecle branch was easlly
infected at later period (chanter VI), the incubation veried
(chapter V) was shorter in old vnanicle than in voung panicle
and wind causes damage in spikelet and panicle branch, thus
nromoting the development of manicle blast (chapter IV).
From these view moints, the development of deseases at later
period in the exneriments of Avihara et al (1953) seems to be
due to infections wrior and after tne tyviionn.

ig different
4, Imura has
zn e temroriliv ceased.

o &
-

The degree of vanicle branch desease due to infections
at later period was high and the quality of tne vroduct was
lowered. This azrees with the cbservations on damases bv neck
hlast (Eori et al 1958) and panicle branch dlastligihara et al
1953) develoved at later period. Thus, vanicle tranch blast
developed at later veriod : snould be closelv watchned. o

VIII. Conclusion

The develoopment of vanicle tranch desease is not
simole. "Deathes of ear" from infection of spikelet are numer-
oud and infecticns at nade of nanicle brancn or rarelv at the
stece between the nodes are obhserved. Infectlion of splkelet
mainly occurs at the tin and there is a reason to believe that
this part is easllv susceuntlitle to desease even st laler verlod.
Also, it 1s characteristics of nanicle branch dlast that invasion
of lesion at the node ircreases the damageé arca in stcpwilse.

The tvanicle branch blast can ve sald t e
ecologicallv but 1is developed later thsn neck btlast
sre the followinc. 1) Fanicle branch is lcocatel on uvver vart
compared with necxk of ear and sublecled to ~ore woumds. 2}
s=ong the varts of nenicle srlkelet lives urtil tze last =inute
and can be stbject to blast desease for lons time. 3) rrogress
cf panicle branch blast cdue. to death of the ~o>T -engtanens the

o oe ear bizast
« 1ne Teasons

~
-
4
4
-
~
<
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infectious veriod and time tetween infection asnd development
of desease. Thus, deterazination of vreventive reried is not
gimrle and for this reason. researcn on this sublect has, been
carried on until todav. Determination of nreventive veriod of
. oanicle branch blast was conducted and there is an examnle of
effective prevention at later veriod. Before judging tne resul-
ts of agricultural zedicinal spreading st farm, however, these
facts should be considered torether with weather conditlioms.
Then, a more .accurate iudgement can be made on preventive pericd
_derived from the exverimental results.

, 11X, summarv
K

This paper renorts the develonment of nanicle brancn
blast by inoculation and observatious at farm. Since snikelets
‘are considered to be,imnortant as an infected nart of panicle
‘branch blast, we have made vatholozical and anatomical observa-
-tiens’ on’the details of invading blast hacilli in spikelt, and
reported’ on the relationship between sounds oand deseases,
incdubation veriod, 1nfectious neriod and damage due to 1n1ectlon
v‘at 1ater period.

1 Panicle. branch blast is clasoified into followsing
four catezories. considering the mode of pathogenesls by 1inocu-
lation and characteristics of infected parts. They are svlkelet
blast (including glume blast, I type), secondarv vanicle branch
blast (II tyve), primary vmanicle branch blast (III tveoe) and
rachis blast (IV tvve). Secondarv vanicle branch blast is fur-
ther classified into secondary panicle branch blast started
from svikelet (II-a tvpe) .end secondarv panicle uranch blast
started from node of nanicle branch (II-% tvpa). These classi-
_fications explain sufficiently the status of desease.

) 2. Lesions expand from the tip of manicle to lower vart,
i,e, to the direction of node at the neck of vanicle. Thus,
"desth of ear" occurs and death on the varts of vanicle increases.
Due to '"death of ear", sovilkelet infection causes vanicle branch
blast in manv cases. '

3. Panlcle branch blaet ocecurs from iﬁ;éCuiO“ of nodes
of rachis and vanicle brancn in addition to srilielet infection.
Panicle branch blast can also occur from 1nfect¢on of the svace
between the nodes and devoluted vart of each orzan, but the
ratlo is verv small.

L. The relatlon between infected varts and dezree of
vanicle branch desease shows tre foliowing.

Infection on nocde of rachis) infection on node of ranicle
a“ca)-s“lxe;°~ Infecticn ior cre Infecteld T-t. Lhe Cazage is
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~rxr3ze In infection on node o the neck ol wewlcline or rachls
wnen total dazase of nanlele Brancn plest was constdered, the
degree of damare is in the orler of gnivelet infection) infec-
tion at node of r:cﬂiﬂ)riﬂ”nc ton 2t nole of vanicle oranch.
Jnis is influrnced by number of infections in =dd tion to ex-
~angilon of lesisns., iﬂuu' ~hew ranicle brawch blist Ls consi-
dered, vnthorenesis of s~ikelet can not be ivnored.

5. Snikelet deseaces are more in lemmz than valea,
narticularly near hair.

6. Nnen vathorenesis of svi%elet blast is analyzed, the
tissues of lesion =~re dead or destroved, and the desease of
tissues becomes mild at the boundarv of infected part and

althyv part. Spread of mveeliz 1s significant at internal
eoldermis of glunme, mmﬂmm at external eviderais aund very slow
nt lower tlssues.

7. In spikelet desease, conidium is formed on the
ceseased vart of zlume (includine tip) and inslde of glume.
They are scattered on the surface of deseased vart «ad concen-
trated on the internal epidermis of zlume. ,

8. When young snikelets are inoculat.d, blast bacilli
invade through evldermis of glume. Invaslon of bacilli is ‘
easier at upper half of snlikelet, sweclally Trom the shoulder
of lemma to tip, The invasion is 4difficult at base part of
spikelet.-

9. Mycella which have advawced to glume reach the lower
t-issues in 24 hours after inoculation and soft tissues and ,
internal enidermls in 48 hours =fter inocul=tion. In 72 hours
sfter inoculation, thev spvread in various tissues. o

10. Extent of mvcelial svreading in tissues denends on
the vart of ~lume. Thus lemma 1s more than lower vart. livcelial
soread 1s active in the =oft tissues of xlume and small in the
tnick membrane tissues.

11. Vnen rice plant 1s treated bty 9 = ver second and
12 m ver second artificial wind Tor two snd hxlf hours or three
rours, snikelets and nanicla branches 2re. scverelv wounded.
vounds of svikelet apvear as ellilptical chane ilecion or irregu-~
larly clircular lesion. Sometimes, tzae entire scikelets discclor
Lo dark brown. Young sullelets are nore easiiv damazed. Wounds
of vanlcle branch apoear along tre lines of wosculer ocundles.
ine wounds are =mild iIn voung tanicle and severe in old ranicle.
wounds are also severe in treatment of stroms winé and miid in
treatzent of wegk wind.

~)
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13. Incubntion vericsd of uanclle »ra-c’. bloat L rlage
rooa (260C) is about 7.35-11 dnvs #=¢ devends na mere or loegs
infectious verind or the warts of i4itial InTz.zilon. Generaliy,
incubation perioc is long for infecilsn st nanicle comsletion
veriod, medlum for infection at =il% rine ¢ :riod and siort for in-
Jectionat starch rive veriod. #hen each 'varc ~f ranicle is
corpared, the incubation reriod is snort in srikelet, wediun in
node of ranicle branch or nade of rachis ond ilong in node at
the neck of wanicle.

14, Natural infection of vanicle branch blest ocecurs
continuougly cover the long period from heading to starch rive
veriod. The most infectious veriocd devends on the vearly envir-
onments but is not unusual that it could occur in staren rive
period.‘

15 Infectlon of vanicle branch bv inoculation can easily
ocour on 14=20 days (20~ 2l davs from vanicle completion veriod
An Aichiasahi) after node at the neck of panicle is ., fornmed,
"o around 30 daves (33-34 davs from vanic'e completion period in
Tosan no. 3%), and results in the death. of vanicle. When incuba-
tion veriods are added, infection occurs in " we~ks or 5= A weeks
after the node at: the neck of panicle was formed and results in
tne death of panicle branch. N ‘ :

16 When Xlchiasahl and Tosan no. 3% are 1noou1°ted at
panicle comnletion neriod, milk rive verlod, starch rine neriod
and vello® ripe neriod, the panicle branch oWast vas developed
more for inoculation at later period. When the develnpmeat of
panicle branch blast is compared with neck blast, inoculation at
early verliod vroduces about the same depree in both cases but
4noculation at later veriod produces more vanicle branch blast.
The increased number of panicle branch blasts at later period
seems tc be due to effects of tvrhoon.

. 17. Panicle branch blast was not too high for inoculation
at panicle comvletion verlod but the decrease in the weight of
ear and increase in svikelet ratic are observed. Although vanicle
branch desease was high for inoculation at later veriod, the
decrease in welight of ear and increase in sviltelet ratio were
not significant. However, the welght of 1,000 grains of unpoclished
rice tends to be light as the inoculation was conducted at later
period. Thus, 1t seams reascnable to conclude that damage is
also done by infection at later veriod.

N
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